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THE NATURE OF RADIOACTIVE FALLOUT AND ITS
EFFECTS ON MAN

MGOGNDAY, MAY 27, 1957

Coxcrrss oF THE UNiTED STATES,
Seecran SuncoMMITIEE ON RaviamioN orF THE
Joixt Coaarrrree ox Aroaic ENgrary,
Washington, P C

The special subconmmittee met, pursuant to call, at 10: 05 a. m., in
the caucus room, Senate Office Building, Hon. Chet Holifield, chair-
man of the subcommnittee, presiding.

Present : Representatives Holifield, Durham (chairman of the Joint
Committee), Price, Cole, Van Zandt; Senators Anderson, Jackson,
Hickenlooper, and Bricker.

Present ulso: Professional stafl members, Janes T. Ramey, execu-
tive director, George K. Brown Jr., PPaul C. Tompkins, consnltant,
and IHal Hollister, stafl technical adviser.

Representatiye Hortrieen, The committee will be in order.

This is the opening day of public hearings by the Special Suli-
committee on Radiation of the Joint Committee on Afomic 1 nergy
on the nature of radioactive fallout and its etfect on man. The primary
purpose of the bearing is to bring together in one forum competent
scientific opinion on the various m: vjor aspects of the fallout problem.
An effort has been made to have a well-balanced presentation, with
witnesses representing varied points of view within the scientific
community.

It is the committee’s intention through the presentation of expert
scientifie testimony, to trace the fallout cyele from the moment of the
nuclear explosion, through the scattering of radioactive delinis in the
atmosphere, its descent to the ground, and finally its effect on human
beings, livestork, and agriculture. Iach of the various scientific areas
and disciplines involved will be considered In sequence and an at-
tempt will be made at the conclusion of the hearings to bring together,
through general discussion, some of the major points developed at the
hearings. In particular, the committee hopes to he able to delineate
those areas where we have knowledge from tho-e where we have
little or no knowledge, with a view to determining the arcas of re-
search which need more intensive effort.

It is not the purpose of the committee. in this set of hearings, to
draw any moral, political, or philosophical conclusions; nor to get into
other associated fields, such as disarmament. Nor is it our purpose
at this time to cover in detail the question of hazards in connection
with nuclear powerplants, or the matter of workmen’s compensation
for employee radiation hazards. These subjects might more appro-
priately be taken up in a subsequent series of }mm.wr~..
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any person that we know. He has told us the consequences to him of-,"
his own body. Since radiation exposure has been said to involve a ..
question of sterility and so forth, unless he would rather not answer,.
1 would like to give him the opportunity of indicating. ;
Dr. Graves, I had one daughter before the accident. I have had -
a danghter and son since the accident. The daughter and son as far as
can be told are perfectly normal kids,  We love them very much.
Representative Van Zaxor. From a heredity standpomt, do the
show any extraordinary amount of energy as a result of your brusﬁ ,
with atomicenergy? :
Dr. Graves. Speaking as a parent they are very intellicent children; -,
Representative Iorreisro., Thank you very much. Qur next witiy
ness is Dr. W. W, Kellogg of the Rand Corp. and he will speak to ug §
on the subject of atmospheric transport, storage, and removal of par-'#

ticulate radioactivity. ) &t
Dr. Kelloge, how long is your presentation ? #

) g

STATEMENT OF DR. W. W. KELLOGG, RAND CORP.* 2k

g

Dr. Kerroga. I have a report for the record which is somewhat Iong;g
and T was not planning to give it all now. It hasa lot of documen-:
tation in it. 1 was going to abstract it to the committee orally. I
could do it in 30 or 40 mnutes. Is it too late to do that? 1

Representative Hovtrierp, We will accept your prepared statement
for the record.  We will be glad to have you sminmarize it. L

(‘The statement referred to follows:)

s
B

ATMOEPIHERIC TRANSPORT AND CLOSE-IN FALLOUT OF RADIOACTIVE DiBRIS
FroM AToMIC EXPLOSIONB

(By Dr. William W. Kellogg, RAND Corporation)
INTRODUCTION

It is well known that the radioactive debris from an atomic explosion is car-
ried high into the atmosphere, and that eventually all of it reaches the ground.
1lowever, there are a varlety of things which ecan happen to these particles on
their way to ground, and their paths can be quite complicated. 'T'he purpose of
the present report is to describe and document part of this process of radioactive

fallout. !

In order to limit the discussion, fallout here will be taken to mean “closedn:
fallout,” the fallout which occurs during the first day or two following the ex-
plosion, and which deposits radioactivity within a few hundred miles of ground

¢ Rorn : February 14, 1917, at New York Milla, N. Y. Eduecated: Brooks Schiool, North
Anduver, Mass,; Yale University, bachelor of arts, 1039 University of California, Ber
Tey, vraduate studies in physies 1 UCLA, mastet of arts in metearolegy, 1942 UCLA, doctor
of philosophy {n meteorology, 1944, Occupations: Prep school scieuce teacher ( Brooks),
107940 ; teaching assistant, physics. University of Cnlifornia, 1040—41: U. S. Alr Force
pilot weather officer, separated with rank of captain, 194144 : research assistant, regearch

pxsaciace, and assistant professor (in succession), Institute of Geophysies, UCLA, 1046-52;
research sclentist, the Rand Corp., SBanta Monica, 1947—-prescut. AffiYlations: American
AMoteorological Society (cominittee on admissions, upper atomsphere commlittee) ;| Amer
tenn Geaphvsieal Unfon (upper atmosphere committee) : Society of Sigma X{: member,
mer-orological cominittee on the blological effects of atomle radiation. National Academy
of Svienees-National Research Counefl ; member, working group In internal instruments-
ticn of the enrth ratelite program : member, ad hoe panel for measuring rudioactlvity In
eir of the United States National Committee for the International Geophysical Year; for
merly member, upper almosphere committee, NACA (now defunct), (Subuitted by Wit

pess,)
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0. The intermediate seale of fallout (that which occurs in the first few
oks) and the worldwide fallont will be treated by others.

thouxh the purpose is to tell what we know about fatlout, an effort will
o be made to point out the areas of uncertaints in our knowledge. Fallout
g provess wlich s affected by many different things, and the atmosphere by
_yery nature behaves in au erratic and random way. Thus, it is fair to say
the outset that, no matter how well we could document our observations of
jqout, There would still be an area of uncertainty due to the randomness of
This aspeet should be borge in mind in congidering the evidence

JPNCeSS,

Jieh follows,
DESCRIPTION OF TIIE PROCFSS OF CLOSE IN FALLOUT

TRere is & fundamental dilference between the fallout frowm an atomic device
qonated at the ground and the fallout from cne detonated so high that the
cLall dves not touch the ground. Iu the case of the surface burst, large quanti-
5 of surface material are broken up, melted, and even vaporized, and some of
is marerial comes in intimate contact with the radioactive fission products,
qen, after the atomic cloud has stopped rising and the violent updrafts asso-
ated with the explosion have subsided, the larger aud heavier partlcles start
Tling back to the ground. The resultis an area arvund ground zero and extend-
« downwind which is covered in a motve or less systematic way with particles
ataminated by atomic debris.
[ the case of an air burst in which the white-hot fireball never reachies the
acface, the radioactive fission products never come into close contact with the
rface material ; they remain as an exceedingly fine acrosol. At first sight this
jight be thought to be an oversimplitication, since there have been many cases
, which the fireball never touched the ground, but the surface material was
mserved to have been sucked up into the rising atomie cloud. Actnally, how-
ver, in such cases a survey of the area has shown that there has been a negligible
amunt of radioactive fallout on the ground. Though tous of sand and dust may
ave been raised by the explosion, they apparently did not lecome contaminated
¢ fission products.
“The explanation for this curieus fact prabably lies in a detailed consideration
£ the way 'n which the surface material is sucked up into the fireball of an air
urst.  Within a few seconds from burst time, the circulation in the atomic
sreball develops a toroidal form, with an updraft in the middle and downdraft
around the outside. Most of the fission products are then confined to a dough-
nit-shaped region, and may be thought of as constituting a smoke ring. When
‘he surface debris is carried into the fireball a few seconds after the detonation,
ir passes up along the axis of the cloud, throungh the middle, and can often be
wen o cascade back down around the outside of the cloud. In its passage
through the eloud, it has passed around the radioactive smoke ring but has never
wixed with {t.*

There has not been a large number of surfiace shots in the United States test
reries, and most of these have been set off in the Pacific area, where complete
documentation of the fallout has been difficult because the greater part of the
uaterial eame down in the open ocean or in the water of the lagoons. During the
last Pacific test, however, a method of surveying the ocean to determine the
distribution of the fallout was used which has given us sosie fairly complete
and guantitative data on the pattern of the fallout from some larger yield de-
vices* A reanalysis of the fraction of the debris which came down within the
first few hundred miles from the various Operation Redwing surface shots by
Tucker® hased on the ocean and atoll survey made jolntly by the Scripps Institute
«f Oceanography, the Naval Radiological Defense Laboratory, the Evans Signal
laboratory, the New York Operations Office of the AE(, the Chemical Warfare
lLaboratories of the Army Chemical Center, and the Air Forces Specinl Weapons
Center, reveals that from a large yield surface burst about 85 percent falls down
o rauzhly the first 24 hours: for a barge shot in the water of a lagoon the fraction
Is beiween 65 and 70 percent. According to Tucker, the accuracy of the estimates

p. 1-8, 1957,
A. J., L. E. Killion, J. A. Chiment, and D. C. Camphell: Fallout Studles

Durizg Operation Redwinz, Field Command, AFSWP, Operation Redwing Prellminary
CITR-1354, October 1956 1 ¥ecret, R. DY
oactivity In Local Falleut. RAND Corp.,

P’T;f:ker‘ B. L.: Fraction of Redwlng Radi
“Lertin preparation, May 1957 (Secret, R. D.)
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here Is probably no better than 20 or 30 percent, so the good agreement wh,a
he obtained for various kinds of shots may he fortuitous.* 3
The one other piece of evidence on the fraction falling out from a surface
comes from Operation Jangle. The Los Alamos Health and Safety Divigl:
had a number of stations downwind to record the fallout, and the Air Foreg
veved a larger area by flying an instrumented aircrafr at low altltudes over,
desert. Two analyses have been made of the resulting fallout pattern in
to estimate the fraction of the debris which was represented, one by Lulejly
and the other by Rapp.* The results are as follows ;

Percey
Lulejian: Beyond 10 miles from ground zero and within 200 miles________ e‘oi‘.‘ﬁ 5
Rapp: Beyond 4 miles from ground zero and within 200 miles._ S—H
Rapp: Total fallont out to 200 miles_ . e __ -—y

It should he noted that the famous March 1, 1951, test of the Castle seﬂg"h
the Dacitic, which received some publicity because of the fallout on some n
inhabited atolls,” was not well enough docunented to enable one to get a M
estimate of the percentage of fallout. In order for such an estintte to be magdy
it is clearly necessary to be able to lay out the complete fallout pattern.
was not possible here, since the islands on whirh the fallout occurred occuply
only a part of the pattern, and were probably not in the region of maximgny
fallout. This event will be discussed more below, G

-- As pointed out above, if the height of burst is raised, the amount of suﬂg
material which can become intimately mixed with the fission products becoiy
less.  As a result, the fraction which takes part in close-in fallout decrefigy
with increasing heizht of burst. A tower shot does not exactly follow this tre’jﬁ
however, since the material in the tower itself and in the cab at the top of iy
tower apparently provides some radioactive fallout. The fraction falling ot
from a tower shot appears to be quite variahle, its can be seen from the follo
tabulation prepared by Kenneth Nagler and Dr. Lester Machta of the Unf
States Weather Bureau, based on a detailed analysis of the actual fallout fr

a number of tests in Nevada, all of which had yields in the range of 12 to 18!
.

Perge
800-foot tower_. e e e e
:Ié
T
AVerAZe e 10
B00-foot tower_ o - &4

b24-foot airburst (especlally uncertaln) . _________ J

Ry
It should be noted that the particular airburst cited here produced a ﬁrehﬁ
which almost touched the ground. Higher airbursts, as mentioned abouve, prg
duce no significant close-in fallout. .
So far the discussion has been concerned with the total amount of radioactive
material taking part in the fallont. The distribution of this materinl on. the
ground depends on a number of parameters—wind structire, yiekl and height
of burst, and kind of surface. The yield and height of burst predominantly de
termine the distribution of radioactivity with size of particle, aud the height
and size of the cloud at time of stabilization. The Kind of soil taken into. th
firehall presumably hins an effect on the particle size distribution too. In order
to make a caleulation of where the debris will go, all these factors must be tnkg
into account in one way or another. The various ways of haundling this comk
plicated situation are treated in the next section. “
' ¥
«In ref. 2, Appendix E, similar entlmates nre made which are less than the oneg quoted
However, it appears that a different “normalization factor’ was used to convert from 13
yield to wegacurries of fission prodnet activity at one hour. and this was combined with
an inappropriate decay rate to canvert from the time of olservution to the refercnce time
of 1 hour. Turther, Tucked introduced a correction for the radivaetive sodlum from the
ocean water which was activated by neutrons from the explosion, and which cuutribll}?
to the observed rudionetivity, y
s Lulejian, N, M.: Radioactive Fallont from Atomle Bombs, Alr Research and Develof
ment Command, C3-36417 (with supplement), November 1933 (Secret, R, D).
& Grecntield, 8, M., W, W, Kellogg, I, J. Krieger, and R. R. Rapp: Transport and
Deposition of Radfonctive Debrig from Atomic Explosions, Leport of Project Aurcole, Ri
Corn., R-26G5 -AEC, July 19054 (Secret, R, DY, See chapter 4. B
TCrankite, 1L, VLD Bond, and € L. Davham: Some HfNeets of Ionizing Radiatlo
on Human Deiugs, United States Atomle Energy Commission, July 1456
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pefore proceeding further it might be well to mention something alont what

" s to these radioaetive particles after they are on the ground. The largest
!:1I‘lf“1 s involved may be a millimeter or more in diameter, but these con-
‘M“;,(Emlv a small fraction of the total debris. Both observation of the par-
"”,‘LL collected in many ways in the I'acific and in Nevada, and theoretical
:"i'f{ximions of the way in which they must fall indicated that the majority
) ;hc particles takiog part in the close-in fallout have diameters between ahont
) aml 400 microns (1 mwiecron is 10,000 cm.).2*Y  According to G. R. Hilst,
e Hanford Atomic Produets Operation, particles of less and about 50 mi-
I 1< diameter are diflicult to erode by wind action because they tend to sift
Can and cling between the larger particles of the soil, and particles larger
v an about 500 microns diameter ave diflicult to erode beeause the wind cannot
','?.\51\‘ lift them. The p:n'tlt'lq size range in which radioactive fallout lies is
:“' <ize which can Le most eaxily lifted by the wind and redeposited somewhere
" U'nder high wind conditions this could further complicate the prediction

7 where the debris would go.

a
¢ the

¢

COMI'UTING FALLOUT PATTERNS

Clearly, the dirvection that a particle takes on its way to the ground is de-
rermined by the wind. It is not the wind at one level alone which must be con-
satered, hut the cumulative effect of all the winds between the ground and the
wmitial altitude of the particle.  There have been a tumnber of mehads developed
1o make some sort of best guess about where the debris will be deposited, and
these all have one element in common: The wind field from the ground up to the
goomic clond must be analyzed and integrated.

In order to understand the matler of fallout computation, it Is necessiry
v soe what is involved in an integration of the wind tield. Figure 1 shows, in
o Lomatic form, how such au integration can be done vectorially. [Let it be as-
cumeidl for the moiment that a particle starting from 50,000 feet, for example,
pas o constant rate of fall. In such a case it will spend the same amount of
nme in ench layer of a given thickness, say 5,000 feet. The direction of its
«avel while in a given layer will be in the direction of the mean wind in that
jver, and the distance it travels while in the layer will be proportional to the
lenvth of the corresponding wind veetor. Then it falls down into the next layer
cod noain travels with the mean wind in that layer. In order to determine the
total distance and direetion which this particle traveled on the way to the
croundd it is only necessary to add the successive wind vectors for each layer
Lead to tail, and the resultant vector will represent the total travel.

I priictice, meteorologists have found it convenient to add the vectors start-
fne from the ground and working upward, as shown in figure 1b. Now the in-
srated wind, or total particle travel, from any given altitude can be imme-
tately determined by drawing a vector from the origin to the head of the arrow
corespaiding to the correct altitude.  In other words, a family of integrated
winds can be produced in this way, and the direction and rate of travel of all
particles can be estimated by inspection of the diagram. Recall that it was
cesumedd here that the particles fell at a constant rate.  This is not the case in
wetuality, and so the simple vector addition deseribed here must be modified in
the more sophisticated analyses of fallout.

There have been four main approaches to the construction of a fallout analysis,
depending on the amount of time available for the computation and the degree
of completeness required. It should be emphasized that these various approaches
danot compete with each other, since they are each tailored to answer a different
<t of questions about the fallout, and they differ greatly in the amount of labor
required to carry them out. In order of Increasing complexity, they are—

e , J. Neel, H. M. Mark, and Kermit H. Larson: Dlstribution and
cteristies of Fall-Qut at Distances Greater than 10 Miles from Ground Zero, March
Apsil 1653, U, C. L. A. School of Medleine, Operation Upshot-Knothole, \{'1‘7811,
bebrnry 1054 (Secret, R. D).

"lleide, W, B, Jr., E. A. Schuert, W. W. Perkins, and R. L. Stetson: Nature, Intensity,
ent Distribution of Fullout from Mike Shot, U. 8, Naval Radlological Defense Lab., Oper-
sten Ivy WT-615, November 1932 (Necret, R. Doy,

SUNiotson, R. L., E. A, Schuert. W, W, Derking, T. H, Shirasawa, and H. K, Chan: Dis-
tribution and Intensity of IFallout, U. S. Naval Radiological Defense Lab., Opertalon
Custl WT- 015, January 1956 (Secret, R. D.).

LU Wilsey, E. F., R. J. French, and H. 1. West, Jr.: Fallout Studies, Army Chemical
Center, Operation Castle, WT-916, February 1958 (Secret, R. D.).

r» C. T, J w

L ICANE

VAS7,73% )\




SFFECTS ON MAN

'se to neglect this effect,

he early deposition.

v all of the above factors
tween the assumptions, d
true facts of the matteri’
1sed to analze the model, )
r special electronic or opticay:

nand” computation,

Weapons I'roject (AFSW'p’
- nll the various agencies whig.
y apply their respective fal :
mown us condition A and poy
W1 report on the symposidiy,?,
- tabulated in table 1 angd tably
s used, one should refer todgs:
the various agencies, son

FSWP

‘my Signal Corps

DL

chnical Operations-OR0O
ind

6 810
WENEN]

es

itations (Ref. 18). Cases
rs for 1,500 r dose accunuls

an abrupt, approzimately Pl

ly 40,000 feet

me—Dec. 28, 1¢53—Elevation: 2,62

RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 111

10

LIRS

——— — — —— —— Army Signol Corps
NROL
o0 — Technical Operations-0ORO

FietRE 3.—AFSWD comparison of fallout computations (Ref. 18) cases for
~Condition B,” 1 megaton yleld, showing contours for 1,500 r dose accumulater!
by 4S bours.

TasLg 2.—Condition B—QGQradual shear of approzimately 90°

wachincten, D. C. (Siver Hill)—38°50’ N., 76°57°\WV.—0300 Grenwich mean time—Sept. 28, 1952—FEleva.
tion: 289 feet)

Height tfect, mean Wind Wind speed Height (fect, mcan Wind Wind speed
w0 level) direction (knots) sca level) direction (knots)
(degrees) (degrees)

|
Calm

292 23
. 4rs 200 Pt
! LY 200 20
RN 208 11
P 206 21
o3 T

PR

‘i 23

308

.'

s

1
. The siznificant thing to note is the discouragingly poor agreement between
L the varieus results. It is possible that some of the agencies have modified their
tudels o the past 2 years, and that there would be better agreement if the
eXereise were repeated now, but it is highly unlikely that the agreement would
b auywhere nearly exact. It would seem that we simply do not know enough

t

fet about the process of fallout to be able to reconstruct a fallout model (no

A, mean Wind Wind spal katter how sophisticated in conception) on which everyone would agree.
velr direction A
(degrees) PREDICTION AND RECONSTRUCTION OF FALLOUT PATTERNS
255 ;\s stated in the previous scetion, there have been a aumber of methods de-
255 Yeeped for the computation of fallout patterns. Naturally, these were devel-
;l_tz) ;‘x-v-l with the observed fallout from a handful of surface and tower bursts in
g Lerdoand all elaim (to a greater or lesser degree) to give results which agree
25 vithrealinyg,
?;2 . The read question of agrecment with reality is, however, obscured by the fact
Urediity is hard to define, even in retrospect, when all the fiets are collected.
Pt the wind field is poorly observed, and the variations in the wind field

ms Project Report 895,

®il titne and space are diflicult to take into account in reconstructing what

T\ed.-54 JTCcae
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112 RADIOACTIVE FALLOUT AND ITS EFFECT8 ON MAN

happened. The meteorological literature has a number of studies of thn’
ability and of the uncertainties in observation,®* ™ A good rule of th >
rived from experience with the tracking of constant level balloons, is

a good upper air network of the sort which covers the United States, the y
of a particle eannot be determined from an analysis of the wind field to bes
than 20 percent of the leugth of the trajectory. Thus, after going 100
uncertainty in the position of & drifting particle is about 20 miles, even '}’Q
we have all the upper-air data which we can lay our hands on.

Furthermore, the fallout itself is poorly observed, due to the great d%
that have to be eovered, the irregularities of the terrain (in Nevada) or the

certainty of where it went after landing in the ocean (in the I’acific). h‘
even if our computation were, in principle, a perfect one, we would stju
have a clear picture against which to cotapare it.

When the meteorolo"lst is faced with the problem of predicting a tallout
tern, the uncertainties of a wind prediction are added to the ‘m(ormmtig ‘
the computational model. The longer the time lag between prediction angd g
event, the greater will be the uncertainties™ For times of up to 12 houn
appears that persistence is about as good as a forecast, and ufter aboutz
3 days a forecast is not much better than a climatological meaun. o

Without belaboring this point, it should suffice to show t{wo interesting wl
umples of predicted and reconstructed fallout patterns. One is from a bm-g
roughly 30 kilotons on u tower in Nevada, the Open or Civil Defense shot of M
5. 1953, The patterns shown in figures 4 and 5 were prepared by Kenneth Na ' »
of the United States Weather Bureaun, and show the patterns which were pe
dicted 2 hours before shot time by 2 methods of models. The two models, ong
the Weather Bureau and the other of the Los Alames Scientific Laboratory,
the University of California Radiation Laboratory, were used. The first invg
a hand computation by an elaborate graphical ﬂn.llvm the other involved g
speed digital computer (IBM-701). There were some differences in the
models, but these were not basic ones—that is, they both used the general g
proach described in the previous section. It will be noted that hoth methodd
predicted patterns extending due north from the shot point, following the djre
tion of the 1I-2 hour predicted wind. The observed pattern, shown in figure
was reconstructed from the available road monitoring and from a few aireraf]
measurements by Nagler. The fallout started out northward, and then curva]
to the eastward, reflecting a gradual shift in the wind direction from south 4
west that took place in the hours following the shot. Also shown in figure 61lsn
attempt to reconstruet the pattern, using the Weather Dureau’s model and taking
into account the change of wind with time and space. The result agrees wx
the_obesrved pattern hetter, hut still not perfectly.

RXtiother example of a fallout pattern which changed its direction duringﬂl
Iater stages of the fallont is the March 1, 1954, Castle shot on the Bikini atol
referred to earlier.  In this ecase, the fallout apparently started ont in a directio
east-northeast, but a continued veering of the wind enused it to enrve more to th
east and east-southeast, until one side of it lay across some neighhioring atoll]
A stndy of this event by Rand in which the fallout was computed with t
ghot-time wind alone. and then again with the variable (true) wind, sh
clrarly how the pattern must have curved as it progressed.®
t is interesting to note that both of these examples demonstrate the --'
of the changing wind with time, an effect which is often vers hard for I
meterologist to specify. A study of the statistics of this change of wind wif
time has been made by Frank Cuff, department of meteorology, U nl\(‘relty o}
Utah® Referring to the integrated wind (sece above) from the ground wupf
various altitudes in Nevada, he found the mean absolute bearing changes showy
intable 3. A

tu

» Neiburger, N, L. Sherman, W, \W. l\ollngx: and A, F. Gustafson: On the Computati
of Wind from I'ressure Dita, Jour. Met.. vol. 5. No. 3, pp. B7-02, 1018,

s Rapp. R. R.: The Effect of \nrlabllltv and Instruinentn]l Error on Measurements
the Free Atnmsphen-. New York University Meteorological Papers, vol. 2, No. 1, June 195—
= Koclhinnski, A. B.: Wind, Temperature, and Their Varlabllitics to 120,000 Feet, A
Wenther Service Technical Report, 103 -142, Mayx 1956, !

® Illsaesser, H. W.: Errors In merlo\rl Wind Forecasts, Alr Weather Serrld
Techinical Report, 105-140/1, December 145¢

 (reenfield, 8. M, and R, R, Rapp: I Iout Computations and Castle-Bravo—A C1ff
Studye, Rand Corp., R\I 18358, January 1037 (seeret. RO D)

B0 1. D.: A Study of the Time Variahilits of Infegrated Winds Near Las Vegst
Nevada, thesis for M. S. Degree, Dept, of Meteorvlogy, Univ. of Utah, March 1957,
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It will be noted that the bizger the thickness of the atmosphere considered in

forming the integrated wind the smaller is the shift of the wind, This probably
retlects the fact that wind shifts at one level may sometimes be partially eap-

celed by opposite wind changes at another altitude.

Another lesson to be learned

from this stwdy is that the statistics of the wind at one level cannot be reli@d

upon to give relinble information about the statistivs

which must combine the effcets at many levels,

made by Jack Reed of the Sandia Corp®™  liere the v:
forecasting accuraey, the length of the forecast period, ete., are all conside
in order to given an estimate of the degree of confidence with which the fﬂlloﬁg

can be put into an uninhabited *safe sector.”
one which shonld be taken more often in meteorology,

W,

A recent study of the predictabifity of fallout for the Nevada test site has been

wrinbitity of the wind, the

T'his approach to the problem'Ss

since it demaonstrates that

any weatlier forecasi should have a prabability assigned to it—a pmbabillt{
which is always less than one.

Heoci s JCHE
ok vogh . lled
1952, M+ |

J. W.: Estimating Sa
Test Site, Sundi Corp. report 3¢

THE DYNAMICS OF FALLOUT

So far a great deal has been said about the final fallout pattern and how it
computed. A very important feature of the pattern frow a practical smndpolm

»

ety Probabilities Froin F
VIS (TR), Pebruary 1957,

allout Forecasts for Nevad

of the integrated wind, §
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THE NATURE OF RADIOACTIVE FALLOUT AND ITS
EFFECTS ON MAN

TUESDAY, MAY 28, 1957

Coxgress oF Tuf UNITED STATES,
SPECTAL SUBCOMMITTEE 0N RADIATION OF THE
Joint Cosarrrer oN Aromic ENerey,
Washington, D

The special subcom‘mittee.nujt, pursuant to recess, at 10: 05 a. m,, in
room 457, Senate Office Building, ITon. Chet Holifield, chairman of
the subconumttee, presiding. ] )

Present : Representatives Holifield, Durham (chairman of the Joint
Committe2), Price, Dempsey, Van Zandt; Senators Pastore, Hicken-
Yooper, and Bricker. : .

Precent also: Professional staff members James T. Ramey, executive
director: George . Brown, Jr., IHal Hollister, stail technical adviser,
and Panl Tompkins, consultant.

Representative Hoririernn, The committee will be in order.

Today we open our sccond day of the lhearings on the nature of
ndioactive fallout and its effect on man. Yesterday we began our
bearings with an introductory statement by Dr. Charles L. Dunham,
Director of the Division of Biology and Medicine of the Atomic Iin-
ery Commission, in which he provided some perspective on the gen-
eral radiation problem as a basis for the beginning of the hearings.
He was followed by Dr. Mark Mills, associate director of the Liver-
more Laboratory of the University of California, who provided us
with technical background information on radicactivity and radiation
and the hazard aspects of controlled fusion and fission reactions.

Yesterday afternoon, Dr. Alvin C. Graves, chief of the testing op-
erations of the Los Alamos Scientific Laboratory, provided more de-
tiled information on the production of radiation and radioactivity
by the detonation of nuclear weapons. He described the efects of imn-
mediate bomb detonations, together with local fallout and worldwide
fallout. He also gave some indications of the nature of the fallout
from so-called clean and dirty weapons.

Dr. Graves was followed by Dr. Frank Shelton, of the Armed
Forces special-weapons project. and Gen. Alfred D. Starbird, Direc-
tor of the AEC Division of Military Applications, who provided a
few comments on Dr. Graves’ testimony and the new book, The Kffects
of Nuclear Weapons.

Incidentally, General Starbird indicated that the printed statement
"ititled “Testimony Before the Joint Committee on Atomic Energy
1 the Production of Radiation and Radioactivity From Nuclear

fapons—Topic V” was his statement, which he submitted for the
™ord, The chariman and committee were under the impression that
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Ficure 2

INTERMEDIATE FALLOUT

THERMGNUCLEAR TESTS

AR CONTENT

KEVADA TESTS

o M 20 30 T 50 & i
TINE IN WEEKS

——

FioUrre 3

The next placard (2) shows the decrease with time of the atm
pheric radioactivity from tropospheric and stratospheric sonrces.
see that for a Nevada A-bomb-type shot, in which air content is plotted
against time in weeks after the explosion, the atmospheric radioagy
tivity decreases rapidly with time after the test, so that within a mat-g
ter of wecks, or at most a few months, the level of radioactivity is no
appreciably above natural backgrounds. Precipitation and turbug
lence quickly remove the particles from the atmosphere. On the othes
hand, from the large-scale explosions, the thermonuclear tests, which'
throw their debris into the stratosphere, one finds practically 10,
change with time. Althongh the same processes of removal are still
active in the troposphere, the curve fails to show the decrease becauss*
there is a continual feeding of new radioactive debris from the stra ’5".‘

splhere downward.

TROPOSPHERIC FALLOUT

Let us first look at the fallout from tropospheric debris. i
placard (3) shows isolines of deposition from one of the Nevada tmé
series. It is a Mercator map of the entire world, and the very heavy".
shading indicates the area around Nevada. ¥

The brightness of the red coloring is proportional to the amount of
fallout. I use the word “tropospheric” and “intermediate” inters
changeably in this discussion. This picture illustrates the prevailing
west-east {low by the fact that most of the radionctivity lies in the sama?
belt of latitude as the original latitude of the explosion. The fallout}
is carried primarily to the east by the prevailing winds, and decreases -

¥

W_ﬁn intensily as we get farthier from the test site.
\leusns :
Rl toask. Ao il
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Representative Horrriern, Before we leave that, Dr. Machta, I want

to reread one of the lines you have given,

Dr. Macura, Yes, sir,

tepresentative Hoviriern (reading) :

This picture illustrates the prevailing west-east flow by the fact thar most of
the radioactivity lies in the same belt of Iatitude ns the original latitude of tl
explosion,

Judging from the shading on your map there, and from this stute-
ment, theu, there is a deposition in the Temperate Zone, assuming th
is where these tests occur, where most of the people hive, which i
higher in intensity, although in ditferent gradations, than it would b
in either of the polar zones?

Dr. Macnta, That 1sexactly corvect, sir.

Representative Hoririern. So when we talk abont averawe gloha!
Tallont, although it is a theoretical equation, it is an unreal evaluation
in terms of the phenomena which actually oceur?

Dr. Macnita. I would like to take this up later. My main presen:a-
tion actually deals with the nonuniformity of the fallont, and thix -
one of the aspects which gives rise to nonuniformity, namely, that %
tropospheric fallont remains in the snme fatitude belt that the explo-
sion takes place. But thisis only one of the axpects.

Representative Horirtern, My observation is, although it is only
one of the aspects—my observation still is

Dr. Macura. Is correct.

Representative TToniriern, Is correct ?

Dr. Macnra. Yes, sir,
tepresentative Horrrierp, Thank you,
Dr. Macnra. The next placard (4) provides the tropospheric fall-
out, the cumulative deposition for the first 35 days from the Cuastle-
Bravo, the March 1, 1954, thermonuclear detonation in the Marshall
Islands, showing once again that the fallout lies largely in the halt
of latitude in which the explosion takes place. In the case of the
large explosions, it is likely that the stem of the nuclear cloud pro-
 vides most of the radioactive fallout in this period.

What fraction of the radioactive debris is deposited in the first fes
weeks or months—aside from the local fallout? For the typical Ne-
vada tower shot, perhaps 75 percent, and for the high-yield ground
explosion in the Pacific Proving Grounds. somewhere between 1 and
"5 percent. These figures are very uncertain. Thus for the hiuh-
vield explosions, the delayed fallout is more important than 1ue
tropospheric fallout. This is becanse about 80 percent falls out o
cally, and when we add to this b percent more, we still have of the
order of 15 to 20 percent, on the average, in stratospheric fallout that
is still left after local and tropospheric fallout has ceased.

Thus, for the high-yield explosions, the delayed fallout is more
important than the tropespheric fallout. It ix evident that the ll'upﬂi'

spheric fallont is not uniform over the globe, ax you just pointed

out, sir.

!

T

BTRATOSPHERIC FALLOUT
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{period—a matter of years, on the average. This has been terme

Finally, those particles which do not fall out Jocally or in the first
1 or 2 months, remain suspended in the atmosphere for a prolon,‘Ieg
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162 LADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN

Your article on World Wide Travel of Atomic Energy Debris wij)
be inserted at this point.
[Reprinted from Sclence, September 14, 1056, vol. 124]
Wortp-Wive TravEL OF AtoMIc DERRIS
L. Machta, R. J. List, L. F. F. Hubert?

For centuries meteorologists have thought of exploring large-scale atmospherie
circulations by means of tracers. The literature deseribes how man has success.
fully tracked tlnorescent particles to a distance of 100 miles,’ used radioactive
tracers across the United States,” and followed volcanic ash and forest fire smoke
over distances of the order of 1000 miles.* Only the dust from a major volcanic
eruption. such as Krakatao, has been tracked on a truly global scale.

During two of the nnclear test periods in the Pacific Proving Grounds of the
U. & Atomic Energy Commission, suflicient radioactive debris was throwu inte
the atnwosphere to be deposited in both hemispheres. Measurements of the de
posited radioactivity were obtained from exposed sheets of gnmmed film.  The
details of the network and the sampling and measurement techniques have been
described by Eisenbnd and Harley* It should be noted, however, that the depe
sition of particles on the adhesive surface depends either on the presence o
precipitation or, in dry weather, on turbulence to assist the impaction of the
patrticles en the horizontal surface of the paper. It is thus possible to have s
clomd of radioactive particles pass two stations simultaneously and have ooly
the station with rain note the presence of the particles overhead. The gummed
tilin method of collection is recngnized as being as crude as it is simple.
‘he nuclear explosions are treated in this article, the Mike shol © warember
2 and the Bravo shof on 1 Mavc 1. The shots were similar in that both
k1A e St Sl
are described as having had energy in the megaton range, both were detonated
2t or near the earth’s surface on a coral island, and both had atomic clouds that
penetrated into the stratosphere. To the meteorologist, the main diffrrenuce o
interest between the two events is the senson.

WINDS

The winds acting on the two atomic clouds at the time of detopation are illus
trated in Fig. 1. The wind structure has becen estimated, when necessary, from
observations at nearby locations and times. On both days the tropopause was
found at an altitude of about 53,000 feet, and it separated winds blowing fro;n
different directions, The easterly winds above the tropopause increased it
speed to the highest altitude of the available wind information for the Bravo shat.
while for Mike the easterly winds decreased in speed and uitimately (-hnngf’fl
to westerly winds. The easterly winds in the trade-wind layer, the moist mar
time nir mass Iying near the sena, extended up to about 20,000 feet curing the
detonation of the Mike device, while for the Bravo shot they were below 10,00
feet. Ietween the trade-wind Iayer and the tropopause, one norially finds
westerly winds. During the Mike shot these westerlies were temporarily intef;
rupted and became southerly winds, while for the Bravo shot they were toware
« tmore normal bearing,

In Figz. 2 is found the approximate area covered during the enrly days I¥
that part of the nuclear clond from the Mike shot which was Jocated below ,(h',
tropopanse.  The shaded areas in Fig. 2 have been Geduced from motem‘olﬂglm'
considerations alone, and, in many cases, are subject to considerable uncectain'™
Shading was discontinned when the meteorological data no longer \\'un'ﬁﬂ_“‘;
any reasonable extimate of the path. The light winds and spavsity of npw»r—\\'l?’;
cheervations have made tracing the upper tropusphierie portion of the Mike clote

1The authors are on the staff on the U, S. Weather Burean, Washington. D. C g3
1. k. Brabam, B. K. Seely, W, D, Crogier, Trans, A, Geophiys, Union 56, 820 (19v-
s R.J. List, Bull. Am. Meteorol. R8oe. 35, 315 (1954).

4 1, Wexler, Weateherwise 3, 129 (1DG0).

¢ M. Fisenbud and J. H. Havley, Science 124, 251 (1936).
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panicul:n'ly uncertain,  For this reason, the time of passage aeross the North
American mainland is unknown, Tracing was discontinued on @ Novewher. The
tradewind portion of the nuclear cloud appears to have split south of Japan, the
apper portien (near 20,000 feet) curving aronnd a Pacific high cell and entering
the United States about 9 November.

- The estimated metcorologieal path of the Dravo cloud is shown in Fig. 3. The
gpper tropospheric portion of the nuclear eloud was traced to the Central Ameri-
can area by about 5 March, and an ofishoot extending northward into the
United States at abont 20,000 feet was detected approximately 1 week lafer.

. Differences between the paths of the Mike and Brave clouds are evident from
Figs. 2 and 3. In part, the differences arve seaxonal and in part dne to the spe-
cific meteorology for the shot days. Thus, in November the midl-tropospheric
westerly winds are not as strong as they ave in March, and they are located
farther north, on the average. lurther, in November one finds an anticyclonic
cirenlation not far from the Marshall Islands which is not typically present in
Mareh. The shallowness of the trade-wind Jayer during the Bravo shot is an
example of a feuture unusual for the region during any season.

There has been no attempt to track the stratospherie portions of the alomie
clond because of the sparsity of wind obscrvations at these altitudes. Evidence
from pamero.as isolated high-level windsg, not neeessarily ohtained during the
periods of the two nuclear tests, suggests a path that would travel around the
earth at about the sanmie latitude as the point of origin, It is interesting to note
that in po case was it imperative to rely on stratospherie transport of the nuclear
debris to account for the earliest arrival at any point, for the transport of the
noclear cloud in the troposphere appeared to account for the first observations
of radioactivify.

An attempt to determine the earliest arrival time at the gronund at each point
of observation hns been undertaken. The rexults, which are shown in Figs. 2
and 3 as the number of days after the shot day, should in many cases be viewed
with caution. First, in many of the stations in the Southern Hemisphere, the
deposited activity was <o low that it made the arrivitl dite almost meaningless.
8econd, despite claborate precantions, it is likely that some gumied lilms were
contaminated during handling, Finally, as noted in the second paragraph the
apparent arrival time of the cloud at many stations coincided with rainfall,
suggesting that the nuclear cloud inay have been overhead some time earlier bnt
%tptecipilnthm wais required to bring its activity to earth,
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FALLOUTD

It Is noted that, in accordance with the meteorological estimates, the fallout
over the United States progressed ronghly from west to east during the Mike
Fallout from the Bravo event did not appear at the West Coast stations
United States until 2 weeks after one of the clond protuberinees entered
tentral United States. OF perhaps greatest interest, althouzh also of greatest
b4 are the comparatively early arrival times in the Sonthern Hemispliere,
ibus, for example, a literal interpretation of the chuart reveals that every station
Southern Hemisphere showed an earlier avvival time than did the United
West Coast stations for the Bravo case. Alxo of interest sre the com-
rl'lﬂ\'ely l}lte arrival times for the mid-Pacitie stations west of the IHawniian
I during the Mike fullout. These stations were south of one branch of the
Welear eloud and north of the other,

L\ Redreact, R“-d
1952, 24
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Ficure 1.—Upper winds at shot time.
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The actual Gllout at each station and an analysis of the Jata are shown on
Figs. 4 and . The units are cumulative decayed beta activity for the first 33
days following each event and are approximutely eqnivialent to millicuries per
100 square wmiles (the values have not heen corrected for the efticiencey of the
gummed titm.)  Several features that differentinte the two maps shonld be noted.
First, an average valne for all United States and Canwlian stations was obtained
for the Mike xhot, as opposed to values for individual stations during the Brave
shot. Second, the isolines located between points on the West Coast of the
United States and points in the Western Pacitie Ocean are also baxed on fallout
observations obtaitied Irom transport vessels for Bravo, Finally, as is evident,
the petwork was expanded between the two events, primarvily in an attempt to
locate stitions in rainy areans.  In rany cases, when the period of record is in-
complete or the data ave suspect, parentheses have heen placed around the num-
ber. No attempt hax been made to reconstruct the isolines for the fallout that
ocearred within the first 24 hours of the shot,

The compariatively sundl values ohtained at the Southern Hemisplhere stations
especially during the Mike shot, are innmnediately evident from the fallout maps.
The northern piurt of the Northern Hemisphere, however, reccived equally smatl
depositions. The distribution of fallout for the 1'acitic stations appeirs to be
consistent with the features of the meteorology deseribed, althongh the branching
of the cloud south of Japan in the Mike pattern is baxed only on scanty obscrva-
tional evidence,

It is apparent that rudioactive debris produced by nueclear explosions does not
possesg all the desired attributes of a tracer for studying global circulations. In-
formation concerning the magnitude and distribution of the vidioactivity that
remains airborne after the initial fallout is not available. The debris, being par-
tiemlate, is waxhed out of the atmaosphere and cannot be strictly treated as a con-
servative property. Thus, for example, the depositions in the Sonthern Hemi-
sphere may have been low hecause most of the debris was rained out as it passed
southward through the Intertropical Convergence Zone. In addition, the most
effective satupling program for the debris provides only the crudest measure of
the fallout. Yet, despite these limitations, it appeara that the meteorplogist
can obfain useful information by operating such a network of gumnmed films dur-
Ing nuclear test periods,  Althongh it is not proposed that special nuelear tests

undertaken for meteorological purposes, it scems reasonable to expert even
Kreater value from future tests nsing nn expanded network nud having detona-
tlons at other locations nad times.
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observation of fission products.
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Our next witness is Dr. GGordon Dunning from the Divig;
Biology and Medicine of the Atomic Energy Commission.

Dr. Dunning will testify on the topic of Local Fallout: The M. &
anisms by Whieh 1t Can Affect Man and the Measures He Cap 3

RADIOACTIVE FALLOUT AXND

to Mininze Exposure.

Dr. Dunning, we note that you have a_distinguished biogrart
and vour biography will also be inserted with your remarks, = :
The committes will be in order. The acoustics in this roog
very bad, and we will ask onr guests to be as quiet as possible g
can hear. We will ask the witness to speak up a little bit louder
wsnal in his testimony so that all the people ean hear.

STATEMENT OF DR. GORDON M. DUNNING, DIVISION OF BI¢
AND MEDICINE, ATOMIC ENERGY COMMISSION ®

Dr. Duxxixe. Mr. Chairman, since there is so much relevant g
rial on this subject, if it pleases the committee, I would like to syl
the rather voluminous written report for the committee. ;

Representative Tlovtrizip. Without objection, this report angi
letter from David T. Shaw, Assistant General Manager of the AR
will be received for printing in the record, and you may give g
suninary as you feel necessary. i

('The documents referved to follow:)

Gordon M. Duuning, Division of Biology and Medicine, United States At
Fuergy Comission, Washington, D, C.

At the time of detonation of a nuclear weapon, about 60 different isotopes
formed, representing some 35 elements.
cousisting of several isolopes so that there may be 170 isotopes produced ey

tually.

In terms of activity, a 1-megaton detonation (1 million tons) TNT equiva
energy produced by fission of atoms will result in about 300,000 megacuri
radieactivity, measured 1 hour after the burst. ;
ivduced radionctive isotopes resulting from the reaction of neutrons releasedd
the thme of detonation, with natural materials such as soil and water. (A fosy
reiction produces no radioactive substances directly but may cause induced)
tivity becanse of its release of nentrons,)
of n fission reaction will greatly exceed that of the activity induced in the soff
In the case where the fireball clears the ground, there will be a
tively small percentiage of the total fission product activity deposited aro
ground zers and the nentron-induced activity probably will be much greafg
However, none of the neutron-induced isotopes that might be produced in}

walter,

Rantarions Froyx FavLour axp THEIR Errkcrs

FOGNMATION OF RADIOACTIVE PARTICLES

Most of these give rise to decay chalg

The tota

preciable gnantities have long half-lives,

Shortly after a puelear burst, some of the radioixotopes combine with oxyps
ta form pegative radieals while the halogens form halides which combine
the strongly electropositive elements to form compounds.  The noble gnses s
as radiokrypton and radioxcon remain in the atomic state until they decay &

SIuite and pliee of birth : September 11
Teachers College, Cartland, N, Y., 1429 :
Yeachers Colleze, Cortland, N, Y., 193 6
doctor of educiation, 1948, Wark history @
Army (l.\g. Col.}, 1042-46; {nstructor, New York Agricultural and Techn
Biophysics Reao Anal Div. BE&M, 1951-53
Medicine, 1933 35 ALC, Radiation |

Alfred,

1955

Y., 1047-4x%: teacher, Phy

(Sulanilted by the Momie Fner

Phy. Sci.,

I'lTs EFFECTS ON MAN

In addition there may be pr

10100 Cortland, N. Y. Eduaeation
New York U 1033
M. S, (Scl. Edua, Syracase Uni
Teacher, Middletown, N, Y, 1!

ALC, Blophysicist, Division of Rlology,
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er isotope which can form an oxide or halide. With the rapid cooling of
pall, there is condensation of the isotopes and inert materials.
£ an air burst there will be available only small quantities of rela-

sught
fre

case 0 . : .
1‘3:239113 particles of dust in the air and debris from the bomb casing to act as
e vehicle for the radivisotopes. When the firebal) intersects the ground

' “’“{é’ﬁsr; heat melts or vaporizes large quantities of soil and transports them
* mo act as carriers for the condensing radioisotopes. A characteristic toroidal
it sweeps this debris in and around the fireball where the melting tempera-
““‘73 ;Qn(’lle(l and the particles come in contact with the fission products still
- :«ms form. Subsequent cooling results in the radioactive isotopes becom-

e ted within and on the surface of the particles. It has been estimated

. g<sacid ¢
.,"-:(:um 50 to 80 percent of these particles are between 50 and 1,000 micruns
-‘Jl:..-.n]gtel" Of these, probably less than half of the larger particles falling out

.- the site of the detonation will possess any aclivity. since most particles will
+ reach sufficiently high temperatures {0 incorporate the radioactive materialy,
.1 2-r, relatively cool, soil is a poor scavenger.
e high yield weapon detonated at the Pacific proving ground in the fall
. {._.:.: resulted in a‘crater in the coral nearly a mile in diumeter and 175 feet
en. Although a minor factor in the crater production might have been the
-_:;;w.—ession of the coral by the blast, probably more than a hundred million tons
< mazerial were dislodged and thrown into the air. The exact results might not
. reproduced for a detnnation over continental land areas or built-up cities but
- geaeral the effects would be similar. —

DISTRIBUTION OF RADICACTIVE PARTICLES

For oominal bombs (in the range of 20-kiloton yield) the atomic cloud will not
e above the tropopause. (The tropopause marks the level below which is the
.rholent airflow of the troposphere and above which is the relatively stable non-
.shulent air of the stratosphere). The cloud from a high yield weapon will pene-
~te into the stratosphere as illustrated by the photograph on page 196 of the det-
aation during Operation Ivy in the fall of 1952. Two minutes after the explosion
-« cloud had risen to 40,000 feet and 10 minutes later neared its maximum height
- over 100,000 feet. The smaller particles carried into the stratosphere will
~tle only very slowly until they reach the troposphere where the turbulent air
-4 rainfall will carry them much more rapidly to the earth’s surface.

The striatospheric storage is uniquely significant since the mixture of radio-
~topes present there is enriched in strontium 90, the element of most concern
¢ long-term hazards. This is because strontium 90 has a gaseous precursor
:rypton 90 with a half life of 23 seconds. Thus, at the time when conditions are
simum in the fireball for the oxides and haliles to become associated with
»iten inert particles, oaly a fraction of strontium 90 hias formed and the gaseous
rypton parent is largely carried into the stratosphere. This results in the nearby
iljort (within several hundred miles downwiml) being partially depleted in
“rontium 90 while at more distant areas will be euriched.

The activity placed in the stratosphere circles and recircles the earth, first at
«same general latitude as the burst and then slowly spreading laterally. At the
ime time there will be a slow diffusion into the tropopause. Initially, there will
« more deposition in the same hemisphere (northern or southern) in which the
=rst occurred but after many months the rate of deposition may become more
~wrally uniform over the entire earth’s surface. In terms of strontium 90 about
" 20 percent of the activity remaining in the stratosphere may descend each
ar.

The distribution of the nearby fullout (up to several hundred miles down-
a4t from high yield weapons detonated near the earth’s surface will be deter-
~ned principally by particle size, initial position in the stem and cloud, and by
«wind structure at various altitudes. The particle sizes and the distribution of
~+ purticles within the stem and cloud are principally functions of the yield
'“:" himb, the nature of the surface over which the burst occurs and the quan-

ol material vaporized. There are uncertainties in our knowledge but figure 1
™its one generalized concept of such an initial distribution. Although the
":"f may be 100 miles in diameter the activity probably is not uniformly dis-
N ':}‘»*1., but rather is more concentrated near the central and lower portions of

sl

'f?."intluence of the wind structure at various altitudes on the ground distribu-
- ¢ the nearby fallout is qualitatively represented in figure 2. The last sketch
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in figure 2 illustrates the effeets of the “shiearing™ action of the winds whekt
travel in different directions and/or speeds at the various altitudes throughd
the particles must fall. Due to these wind conditions, it is possible to obtg .
out patferns ranging from one looking like an ink blot arcund ground zerg "
extreme, to other situations where the fallout material is spread in a jop3
finzer.  In ceneral, the pattern may be expected to approximate an ellipga
It is clear that such variables as wind eonditions and the yields of
bambis and their positions of detonation above different types of surface
it possible to predict fallout patterns precisely.  In the eaxe of nuclear w,
testing these varviables ave either known or can be predicvted with good g
Iowever, in civil defense planning, certain assumptions concerning these s
Lles must be used in estimating not only a single fallout pattern. hut aleyg
cibile overlapping patterns in the event of multiple detonations, »

RADINTIONS AND FALLOUT R .

I deseribing and evaluating the effects of fallout patterns, it is need
fo consider the chavacteristics of the radiations emitted from the radiog
muterial. These are of three types: Gamma vays, beta particles, and JRe
particles.  Gamma rays are the emissions of principal concern, because 1', '
greater penetraling power.  The most energetic heta particles travel only §§
yards in air and are of eoncern only when the fallout materials remain i

tact with or in very close proximity to the skin, or when tne emitting mafy ;1

find their way into the body. The amount of alpha-emitting isotopes assod
with fallout material is considered to be of relatively minor consequence,

EXTEENAL GAMMA EXPOSUKE By ‘

The gamma radiation dose that one may actuaally receive and the bié OFs
eflects ure dependent upon a number of factors, as follows: s, é

1. Radiological decay Ry 4
The decrease in radioactivity of fallout materia) ronghly follows the relaf
ship of (time)="% Thig means that, for every sevenfold lapse of time aff {
nuelear explosion, there will be a tenfold reduction in dose rate.  For exaf
if fallont occurs 1 hour after a detonation, such as might oceur for 20 o
miles arouud ground zero of a high-yvield weapon, the dose rate will bé;‘
tenth of its fnitial value by the scventh hour. An additional tenfold redodd
would require 7 times 7 hours or approximately 2 additional days of waiti
The theoretical ' dose accumulated from the first to seventh hour after detd
tion would be approximately the same as that from the seventh hnur’unﬁ
week later. Further, this first-week dose would be about twice as great a8
entire remaining dose possible for the lifetime of the activity (fig. 3). JTh
rapid decay suggests the benetits of protection in the early periods after fallo
and, wheire possible, delay of entry into a contaminated area. - A
In localities downwind where initinl fallouts might not oceur until, saf’$
hours after a detonation, the situation would be sumewlat different, in that)
radioactive decay would be slower.,  For example, consider the ¢ases where Iy
out occurred at (a) 1 hour, and (b) 24 hours, after a detonation. One day 2w
fallont the dose rafe in the first case would be one-forty-fifth of its initial}
tivity (1=t hour), but in the sccond caxe the dose rate would bave decrcad
tu only slightly less than one-half of its initial activity (24th hour). . ;
The above estimates wre based on an assumed radielogical deecay of (time')l
This ix reasonably acenrate for early periods of time after detounation, butf
decay may start to vary siguificantly from the theoretical curve after seven
months have elapsed (fig. 41, At times Iater than shown in figure 4 the'd"
curve would be expected (o flatteu out due to the presence of long-lived cesif
157 (2V-year half life). '.’

-

2. Weathering and shiclding effects M
The magnitude and time of occurrence of weathering and shiclkling makes]
impossibie to establish a single establishment of a precize rule of effects cov 0
all situations, jmpossible, yet, these factors are operative in determining§
total exposure received from fallout, il

TCatenlations of theoretical doses are based on () the rivdibactivity decrensing acol
fnx to (G 22 (hy there ts no doss of activity by wealliering oflects, and (¢) tle pof
Is out of doors for the thne consideted, "
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one example of‘weﬂnmring en'ect§ was after the March 1, 1934, fallout on the
yqrslmn Islands in the 1':1c1[1¢. Figure 4 shows the gamma dose rates on the
,and of Rongelap over a period of about 2 years. In the first 10 days when the
;s were light and there was no rainfall, the decrease in activity was roughly
b <tent with known radiological decay rate. The break between the 10th and
“-in day undoubtedly represents the effects of rain which was known to have
T ared in that period.  Iigure 4 suggests, however, that any further reduc-
i 4 in contamindtion by rainfall was slight,
. ;” exanmple of the eﬂ'ec;s qt winds, occurred after one of the nuclear detona-
o at the Nevada test site in 1033, Strong winds blew almost at right angles
Lopws 4 narrow band fallout field on the 2d and 3d day after the detonation.
:n..- caumma dose rates at :}. feet above the ground on the 4th day were ie<s than
—mlicted by the relationship of (time)* by factors ranging from 3 to 6, while
N v aetivity of the soil samples collected on the first day and taken Into the lab-
atory did decrease approximately as (time) ™. This effect of winds would
. ¢ he expected to be as great for large contaminated areas of nonsandy soils.
' Caleulations of shielding and attenuation factors for different types of mate-
.oals and theoretical ealeulations for various structures are plentiful (references
surouzh 11) (table 1), but more information based on actual field experience is
roeded.  Limited data were obtained during Operation Teapot (spring 1933)
«here film badges were placed inside and outside of buildings for several dagys.
The ratio of out-of-deors to indoors doses ranged from 1.3 to 7 with 1-room frame
vaildings providing the least attenuation factor and multiroom concrete block
tzildings the greater values. This program will be expanded during Operation
Plumbbob as will the program of estimating personnel exposure by having a
larze number of people living around the Nevada test site wear film badges dur-
jug and following the test series.

& Gamma encrgy spectra

The relative biological effectiveness of differing energy photons and their
warving depth-dose curves has been shown for X-rays (12). Similar results have
tewn obtained for gnmma rays ds illustrated by one set of experiments (13) using
tarros where there was a shift of LD 50/30 values (lethal dose to 50 percent of
e exposed animals who died in 30 days) from (84 roentgens with cobalt 60
1125 Mev mean energy) to 585 roentgens with Zr-95—NB-95 (~0.7 Mev mean
mergy), The gamma energy spectra from the mixture of isotopes in fallout is
quite complex and is further complicated by the presence of scattered radiation,
with its lesser energies, mixed with the direct radiation. Figure 5 illustrates
the estimated gamma spectra at 3 feet above the ground following the detona-
tion of March 1, 1954, at the Pacific Proving Ground (14).

4 Geometry of the source

The geometry of the source can make a significant difference in depth-dose
cirves and resultant biological effects. This may be illustrated by one experi-
ment using swine where the LD §0/30 values for external dose decreased from
MK to 350-100 roentgens when the exposure was changed from unilateral to
tilateral (the radiation exposure was first on one slde ounly, then from opposite
tides of the subject) (12). With a fallout field, the source probably would be
mare radinl, thus a roentgen as measured in air would have more biological
«Teet than one where the source is unilateral such as from the immediate radi-
stions at the instant of a burst (although there is some scattered radiation), or
from X-ray machines which have been used frequently with unilateral beams in
developing data on biological effects of radiation.

‘..nsi

5. Binlagical repair factor

It has been recognized that, in general, the longer the period over which a
Kiven radiation dose is delivered, the less is the resultant biological effect, ex-
copt for sueh aspects as the genetic effects and life shortening. In situations of
beavy fallout and relatively large potential radiation doses, the biological repair
factor may be considered in estimating incapacitating and lethal doses. Since
Fst experiments usually have been designed for other purposes, the data from
”‘(‘.\'(’_ do not readily elucidate the rate of repalr or the proportions of reparable
Lid irreparable damage resulting from differently timed doses. Varying rela-
“"N}ips have been demonstrated, depending upon the species or even the strain
‘*}f animal, as well as the criteria sclected for study, such as skin damage, life
Fuartening, and LD 50 values.  Qur present knowledge does not permit establish-
Eent of & precise overall relationship for timed doses versus biological effects;
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yet there are sufficient convincing data to permit an attempt at estimaun %
effect of this phencuienon. I
Blair, Smith, Sacher, Davidson (135, 16, 17, 18, 19) and others have-
cxtensive analyses of existing data on the effects of time-spaced doses for SeTaEl
species of animals, Generally, the recovery rate for larger and longer . §
mammals, such as dogs, is significantly less than for mice. One estimate plak
the half-time recovery for man as long as 4 weeks (the time for one-half ot
biological damage to be repaired) (19). -1
Since the estimated rate of biological recovery for man is relatively g
this factor would harve its greatest inftuence where a given total r:uliationz“, \
was delivered over loug periods of time. 'This would be the case where the £
out ocenrred at later times after detonation rather than cluse-in aveag wiy
the fallout is escentially commplete in about an hour after the hurst, and
ote-half of the total pussible dose is delivered in the first 21 hours,

NEARBY FALLOUT FROM HIGIE YIELD WHAIONS

As an exercise during the National Association of Civil Defeuse Di -.;‘g",
meeting in Washington, D. C,, on April 15-17, 1057, it was assumed the 4 bote IR
were dropped simultaneously as follows: 20 megaton on the Union StaflkE
Waslington, D. C., 5 megaton on the National Airport, 20 megaton on BEf
meore, Md., and 10 megaton on the I'atuxent River Naval Air Station. The f3 .
on page 195 shows that combined fallout from these 4 bowbs. The {s
rate lines are in units of roentgens per hour at 1 hour after detonation, 4 ¢
this time essentially all of the fallout would have occurred in these nearby

tecalling that the radioactive decay is rapid for this fallout that occurs eAMN
after detonation, it becomes evident that if adequate protective streas are AHE
able it would be wiser for people to remain in place, rather than be eXpold
out of doors during the period of highest activity. Likewise, if a delay inp b
ment is possible there will be more of an opportunity to evaluate the sity afiod
and to thep affect an orderly evacunation. e

Sinee exach sitnation will be unique, no rigid criteria will be proposed here 13
permissible exposures or for mandatory evacuation, since there miy be .ofhy
factors present as potentially hazardous as radiation. Ralher, talle 2
developed to illustrate the kind of thinking and planning possible for ,ci
defense. Three levels of exposure to civil defense workers are shown Ty
lowest of 25 roentgeus is much higher than is permitted in peactine, yet mot§
personnel will retain their full working capacity even with exposures up to 10 B
roentgens, Pt

Table 2 suggests several points relative to rescue. One of these. is that hig]
permitted radiation exposures to rescue crews would allow earlier entry in
the contaminated area to affect first aid and general rescue work. Also, m’ui
ciase of relatively little protection to the populuace, there would be a saving'h
radiation exposure to them. On the other hand, people hetter sheltered,
illustrated in column V, would receive less total expoure if they stayed in fh
protected areas until the out-of-doors activity had decreased, nnd at the sam
time a delay of eutry into the contaminated area would result in less radiatia
exposure to the rescue crews who might then be used ag:in for other missiont

DISTANT FALLOUT PATTERNS FROM HIGH YIEID WEAPONS o
s
The discussion above suggests the wide variability possible in distant faﬁ,
patterns from high-yield weapons and the great variation in radiation dose
one may receive due to shielding and weathering effects. Thercfore, the follb:g
ing analysis is intended to be ouly a generalized one to illustrate the p:lrame“
and how they may operate in determining the radiation doses. . @
Consider the case of fallout from a high-yield weapoen where people continh
to live in an area without any special measures to protect themselves,  Asstl
(a) for the first week following the fallout, the measured gamma activity
cars according to (time) =" for the second weck (timej—" *, and for the thi
week and thereafter (time)="*, and () the shiclding factor afforded by nort!
housing will reduce the out-of-doors daily dose by 23 percent, and (¢) the hatf
time of rvepair of biological injury is 4 weeks. Probably all of these nxQumoni‘i
are conservative, i. e, they overestimate the hazard. Buased on thexe assom
tions, figure 6 shows the dose rates at time of fallout or entry into an area
micht produce an “effective biological dose’ (the term given to the mdiaﬁa
expesure nccording to the above assumptions) of one roentgen (20). The B
r
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( g i T 3 le, if a fallout begins
- Le extrapolated to other readings. For example,
b mff‘]"fn[‘rL (lclon:i(inu and the dose rate at that time is 10 r. per hour, about

X i 5 i ¢ i 'S > tinues
E o l‘"“rfﬁ'e(:ive biological dose )‘ will be aumvul;nh:d Prov l(l(}f]][)(}‘l ;011111(1:‘1 .c.ou
R gmally in the coutaminated area. This is compuied as follows:
Clive 10 [SRNR,
) 10
=067
0.15

< frankiy recoguized that in any single curve, sugh as that shown in‘l?g'mt*e
I w: ';rc- inherent a number of uncertainties. Crltgnﬂ based on deli eixa)g
L T Auf the relevauc data, however, may be more valid than those determine
A ] &

”m;l' the duress of an emergency situation. Such a simplified graph might pro-
goder

wide
pazards ﬁnun—e t;, the idealized fallout dingram on page — was constructed to

adinlogical monitors with a quick, even if rough, estimate of the potert)_hy:rlll
o nd thus assist in making decisions on questions such as evacuation.

1;\11;.313[:1 pussible pattern from a single high-yield surface burst (20).
aetrate 4 pussil

stjq-he two innermost isodose lines shown were selected to suggest reglions where

fenid cent: might be expected to die (400 r.)
ienitdcant percentage of Qorsonnel ;
o ﬂbis a few percent to become il (100 1.), assum‘ing continued occupan](“ly gg
sk (.m:n with no special protective measures, These p:ereeutagcis woiu d of
e rise within the encompassed areas. The 50 r. effective biolog ]clglb S:l)nioht
p.nr?';; na unique significance, but suggests the magnitude of dose ;v ic! . otﬁer
bt fL kevunr-mncv measures against radiation exposures even in the face Ob ne
mllﬁlolz ir{zd—rds.~ Table 3 shows the approximate areas encompassed by the
'mii-)i\odnse lines, For areas where the tal_lout occurs a few hours ?rt(:n:;lx;g
mﬁ:.ﬁ-ﬁh detonation, many days or weeks will be reqmrod' to 8(‘(1:\11!11]1 ?n (he
:I,,jm- p;rxinn of effective Dbiological doses, so that spot decisions involving
" \ R i £y v
al hazards might not bie necessary. .
'“5,-'-'{3: question is frequently asked as to the time one must spend wit&nﬂa;ﬁg{gg;
or remain cutside of a contaminated area. The answer <_iepcnds up o mber
¢ parameters, such as the criteria established for maximum [ﬁfxtnhs; owledgé
e 'u"(’l! a< lsngth of stay within the area of contamination . dl \ Et | leda
of the macuiture of the radiation levels present and un.ass;nne hil:'ahle conta;xfi:
(~2 it is possible to plan and execute a short stay, even In at st ‘y o
tated "mm Planning for continuous occupancy requires more extensive analysis.
o fallow a may aidi aluation.
te following dagna may aid in such eva I ot
! "l‘hu fo.!ltnnt map (idealized fallout dmf{ram on page 196) and mhrllfle:;r Snl:;;:;'ll
the degree of radiation exposure received in c.on_n'mmus occupn‘ncyt;l enterix;"
Lving i‘m:v’}iiiuns beginuing with the time of initial fnllout: For hosti o Iivinz
the contarzinated zone 4 months after the first f;'_ll]out, ho“'cve{),‘ aln ica; g
there indednitely, the area vnoompassgdoby tl;er(.))g r. e'l:!;eect;;ﬁcsm (th sucli tin;e
i co sl N 5 to 2,500 squa 3
hne will have shrank from about 23,00 s ) At L thme
f manths after fallout), an area of ahout1 1,00? sq.um;g I;‘]ll'lelfl()‘:lt:(l}llnng ttll)Lnl‘gnft
e i i i i coutamination, 1
frodeize 1ine might have the highest resx'dua ! o t fo nhont
3t > S 3| 3 r. per week, out-of-doors, isodos
3times the dnes rates at the periphery. The 03‘ : ) 0 P
rate line rizht extend to about the same position as the line marked “50
the map, ' Analess
As nIm attempis to extrapolate such data t'l(“ll 3('10:1: an:s:oi.;l)gl{n}&@t?ﬁga:ﬁ i;
" i i » data suggest, , the
becomes <211l more difficult and uncertain. e sugge owever, thal
i Y& t, the H0 r. effective bioloagical isodos
retnrn is tponed to 1 year after fallout, e e Lo o0a
i i se conservative estimates, the 1,
will have disappeared. On the basis of these ¢ ate e ot
o [& : ami i irht have an ant-of-doors dose 14
tpare n.i%es of hichest contamination mig ¢ ! - ate of
R Similar ¢l might aceunittlate a dos
rhant 4 ¢ per week after 1 year, Similarly, personn i il )
.'.-?nl.xirr %c:\ Ir( fo‘r the first year following their return, and an a(hhtulnt\r_ll ':(()) Ii;eﬁ‘(‘(;l-.
the nexe 3 vears, independent of the biological xée?)rer()’;{a](*g;;;. porio)fis 0 tim‘o
“thi ; Mativ or s .
Teied that this fuctor would be relatively grea X s of .
thes redining the effective hiolagical dose below 50 r. '{he 0.3 'r“p(;;' ““0;*])]\é ;»i\:]e
£ sdoserate line might encompass an area somewhat larger tha

OoHonrs

tarkel fon on the map (20), . . .
For < 4 effeets as genetic, it is the total dose received that is Important, since

b Crerair des not enter in guch calenlations, Accnrghug t(-)'th'elc;:i:x((‘lxl-‘rf:l-
et Gt of weathering and shiclding used nhqve, pnssxhlp" severa Jundred
entoer oopiicht be delivered in the aveas of IIO:IYIC:St mm‘nn{mm{m‘]i ! [ind the
Ll of e first vear after the fallout orcurrved until the mdmactn‘; )n 4q“i‘_0
rreased 1o pssentially zero. Iiowever, the foregoing analyses are baig( .nmp;é(,wc‘
mot taking into acecount the actions of persons themselves 3N
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r civil-defense pur]
_M.._uusao: problem is 1
ﬁ:oi patterns from mi

conditions.

ing contamination. 1If, for example, a permanent return into an area we
poned for 1 year after fallout, the radiological situation probably wonl
been adequately appraised, and decontamination operations initinted.
subject will be discussed by others.) Moreover, with the return of a poiE
inta a known contaminated area, more than normal precautions might be expdss

«
in recard to ovcupaney of the mure protective types of buildings and gp..ﬁ.

cond principal €

i e} ma
of time spent out of doors, ; The 0 il
. . . " contis 1igh-spee

OFf course, greater degrees of contamination could result from multiple, ¢:.§ are a./r:_ﬁ.w_mqo w.,io_zh
Tapping, fallout patterns, There is a need for continuing studies of these pgd a short .,7 g If large en
lems. gl xposures) i Jﬁ_m:o:.
ENVIEONMENTAL CONTAMIN ATION & the skin :5..,. ~._,.y. Shaw

+i damage. 1f a sizable fr.

Iadioactive contamination of an area will, of course, influence agricn) iy (hese beta radiations, t.

paesnits, Au evaluation of these problems involves complex aud diflicult sty §. e gerions r:;:.w or de
which will not be attempted here. In terms of civil defense, however, the R} " There is little doubt -
one pliase that should be noted here. h e Marshallese who w

Tie relatively heavy fallout that occurred on some of the Marshall Islandfk March 1, 1954, most of

Marceh 1934 provides the most direct data,  Since the tine of this fallout {{K damage, a3 well as abo
Lave been 10 radiological and biological surveys of these islands. All of ‘i et doses 22y, How

/ I ata sre stmmarized in a report preparved by the Atomic Loerg Commissionyn areas when the radiatic

in press with the Government P'rinting Oflice (21). e peck, bend of the elbow

There are strikingly wide variances in the degree of gross contaminatiof olserved where there

the =oil= aud in (he plant and animal life. Likewise, relatively large rangel mn fact, the beta radi:

valnes were found for the individual isotopes in the plants and animals, 8 ground <hould have be¢

N conelusions, therefore, must Le of only the most tentative and generalized nafly the amount of contamin

4 The data do suggest that, in terms of strontium 90, the isotope of princy These findings indicar

I concern, this activity built up in the plantlife over the first year after fallout] juside during the time

then started decreasing slowly. By using very rough appros imation, and ex}] A contamination, or, if o

polations, the data suggest that, if plantlife had been growing in the areg moval of the body cont
great contamination, i, e, where the gamma dose rates extrupulated to H pf times after allout.

1 hour would have been 2500 roentgens per hour, it might have contained 103 The Marshallese wel

microcuries of stroutium 90 per kilogram of caleium, at 1 year. The correspyiy ent-of-doors during the
inzg values for the soils are several times higher. If an assumplion is made ty sure periol before ev:
there is o diseriminatory factor of about 4 for the Sr-Ca ratio in plants verdy conditions in general
Bones, the above data suggest possible levels of strontium 90 in the boneg exposure howed 20 pe

, animils Trom continuous consumption of this food of a few to several microeur miividuat<) superficial
m of strontium 90 per kilogram of caleium. The maximum permissible body burdy wise, 55 pereent (35 ir
! for adult atomic-energy workers is 1 microcurie of strontium Y0 per w:omw.mw g regrowih of the bair.
‘ of caleinm. 4 whole-hady gamma s
There ix some confirmatory evidence for this crude evaluation, A a.ulmﬂww ene of those exposec

Y native suimils were left on the island of Rongelap afrer the fallout in Mard external comma radiat
1954, They have been collected and sacrificed serially in time. lyen after ¢isinns o evacuatio
vears of continuous occupancy, it wus reported that there were no _..._:_Eoﬁm_ an addition! body insa

chinges that could be ascribed to radiation (22). Their bones xhowed froa
absut u one-tenth to a few tenths of a microcurie of stroutinm 90 per kilogram of

[P S

- ealeiun, Rince the areas of highest contamination were about 12-11 times greats .H.:m. ?,H: cipal factor
than Rongelap, an extrapolation would suggest values in the sie range as abory, ?;:;. 1= ﬁ:c doses .;
. Jeet will bie disenssed in

i, e, a fow to several microcuries of strontium 90 per kilogram of culeium B
animals had lived in the area of great contamination. vt
‘The P'acific island soils have higher ealcium content than most soils E.:x

The principal hazar
fullout £or several wed

Tnited States, and of course there are differences in the type of plantlife and Lithes .

Vin the climate. However, theoretical calculations suggest that the sawme fallouti (rry wastroiniest
{ the United States might result in something like 100 microcuries of strontlos (by tyroid, fro
Hou per kilogram of calcimm in the soils with the highest contimination. With P bone, prine
Hassumed diseriminatory factors from soil to bones of 10 or more, the implidd The s .M ity of th

resuttant fate, and tha
depending among oile
ocenrred,  The fallout

eventual hody burden of strontium 90 is of the same magnitnde in the Pacl
4 The uncertainty of these data, however, would not deny the pos<ibility :Ea%
a similar faliont in the United States there might eventually result a body bur

- ; . . . f s b ite insolnt
of 10 or more microcuries per kilogram, if people were to subsist A._::.m_w.\ .w_,."w e it m:my:_.” ﬂ.
y =0t ent in (.

food from the area of highest contamination. With maiutained values 2 10,
times thi= amount, it might be expected that a few percent might die of

tumors after a Ltent period of 15 to 20 years. 1t would be expected. howev
T_:: the strantitm 90 content in the food supply would slowly decrease with timé
CAuy measires taken to rednce the uptake of strontium 90 into the fuod supply
and any =upplemental foods from less contaminated areas would lower tht
strontinu intake, ¢
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civil-defense purposes, a full evaluation of the whole environmental con-

t probably wonlg }(";ariml problem is needed, especially for the cases of multiple, overlapping,
rioni initiated}‘f i pill‘t‘)l” patterns from many nuclear detonations which might occur under wartime
¢ return of g -+ L
fons might b‘e oy quuditions. EXTERNAL BETA EXPOSURE
uildings ang pade i . .
; J"’é( The second prineipal emission from the fallout material is beta particles. These
Ity high-speed eleetrons, of which even the most energetic travel only

it from mu]tjp] N

oo e=xenti)
studies of theg '

g shart distance into the skin. .(S(;e (he next section for discussion on internal

x',,“snrcs.) If large enough radiation dosgs are delivered by these beta particles,
:'w <kin may first show er:ytllom:x (reddening) and then p_rocoed _to more serious
cv‘,mul;:e. Ifa §iz.:xble fraction of the body should sufier serious skin damage from
these beta r;ldgzltmns, the results would be shmilar to those from thermal burns,
| ¢. serions injury or death.

there is little doubt that “beta burns™ cau and have occurred. In the case of
the Marshallese who were in the fallout from the detonation at the Pacific on
March 1, 1054, most of the more heavily exposed showed some degree of skin
gamage, as well as about bhalf of them showing some degree of epilation due to
wta doses (22). However, none of these effects were present except in those
areas when the radiation materinl wus in contact with the skin, 1. e, the sealp,
reck, bend of the elbow, between and topside of the toes  No skin damage was
ohserved where there was a covering of even a single layer of cotton clothing,
In fact, the beta radiations emaunting from the radioanctive material on ihe
ground should have been adequate to produce detectable skin damage (based on
the amount of contamination present), yvet this was not observed.

These findings indicate the obvious benefits to be expected from (a) remaining
jnside during the time of actual fallout to reduce the possibility of direct body
eontamination, or, if out of dvors, to keep the body covered, and () early re-
moval of the body contamination, since higher doses are delivered during early
times after fatlout.

The Marshallese, were semiclothed, had moist skin, and most of them were
entof-dnors during the time of fallout. Some bathed during the iwo-day ex-
posure period before evacuation., but others did not, therefore, there were optimal
' 90 in the b eonditions in general for possn'bl.e bgtp dnmage: The group suffering grentes}
o several ml ¢ | | exposure showed 20 percent (13 individuals) thh_ dqep lesions; 70 percent .(4:)
wissible bod < OCHTIN t'.mlivi«h_x:\lsh suporﬁgl:}l ](351‘0115; and 10 percent (6 mdlwduals) no lesions. Like-
uni 9 ’per 1{11 A wise, 53 percent (35 individuals) shoz\‘ed some degree ‘of eplla}txon followex} by

) a regrowth of the hair. However, during this same period of time they received
mtion, A varje «
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pme of those exposed. These data, together with others, Indicate that the
external gamma radiation would be the controlling factor for making such de-
riviunis as 1o evaeuation, although recognizing that any beta exposure would be
an additional body insualt.

a whole-body gamma dose of 173-roentgens—a value approaching lethality for
he fallout in ‘s

time. Kven
vere no patholg
bonesg showed
1 90 per kilogi
12-14 times gr
Zme range as 8
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INTHERNAL EXPOSURIS

The principal factor in evaluating long-term hazards from ingestion and in-
halatinn is the doses delivered to the bones by isotopes of strontium. This suli-
Jeet will e discussed in detail by others.

The principal hazards from intake of relatively large amounts of radionctive
fallout for several weeks immediately following a nuclear detonation are doses
W the:

(1) zastrointestional tract, from the gross fission product activity,
(U) 1hyroid, from isotopes of indine, and
(ey bone, principally from isotopes of strontium and barium-lanthanum.

The soinbitity of the fallout material is a major factor in determiningz the
resnitant fare, and thus radintion doses, within the body. The solubility varies,
depeuding among other factors wpon the surface over which the detonation
senrred, Tre fallont material eollected in soil samples at the Nevada test site
Las been nuite insoluble, i e. only a few percent in distilled water and ronghly
it B percent in 0.1 N HCL However, it wonld be expected that the activity
actimily peesent in drinking water supplies would be principally in soluble form.
The witter « Dected from a well and a eistern on the island of Rongelap about 21
Bonths ate the March 1, 1954 fallour, was fouml to bave about 84 percent of
e aetiviue in the tiltrate, but there was an undetermined amount that setiled

n most soils

curies of stronfum
Htawination.: Nyith
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tude in fhe Pg
Dussibility tha
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subsist entire
iined values 2,
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would lower fhe tothe bottons,  Other data snezest the material to have been about 10 to 20 per-
i ent solublos in wafer. ]
‘ Fizure 7 <hows relative dosos to the ledds areans, based on the assumptions

that (a) o ercent of the matorial i inoluble cwhen cadeuiating doses to the
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gastrointestinal fract), (&) all of the isotopes of fodine are solnble (%
estimating doses to the thyroid), and (¢) 23 percent of the ingested strop
isotopes and 7 percent of the barinm-lanthanum reached the bones, It n
seen that ingestion of a given amount of fission product activity on the ?E.E
fifth days may result in nearly 24% times the dose to the thyroid s to the 1,
Lirge intesiine. YFor a continuous consumption of fallont material from th:

henr to the 30th day the ratio of doses Is about 1.7, Table 4 indicates the mETﬁ .

of inzested fission product aclivity to produce 1 rad duse to the lower _,i
intestine, :
Analyses of past data strongly indicate the quantity of fallout material P8
in for times immediately following a detonation: (o) by inhalation is very mih
Tess than by ingestion (unless of course one does not et or drink)y, and (h) nfg
come from surface contamination of the food rather than by the soil-g int-anty
cyele. x|
Ilow much intake is actually permitted depends upon many factors incly
fhe essentinlness of the food and water to sustain life, and one's philosophy’
aceeptable biological risks and damages in the face of other poszihle hagag
snch as mass evacuation. By using table 4 and fisure 7, an estimate Eww,.i
made of the radiation doses that might result from the ingestion of g gic..
amonnt of fission product activity. In determining how much actual ingest; "
and thus the radiation doses that mizht be permitted, reference may be mage
to table 5 which suggests the biological effects from certain doses, n‘.w

Such evaluations as attempted here are necessary and valuable for plany]
purpeses, but once the fallout occurs the emergency of the situation may precl
immeoediate analysis of the food and water suppiles.  Further, the abistinence f
food aud water because it might be eontaminated could not be continued indest
unitely.  Therefore, the following three commonsense rules are Siguested s

1. Reduce the use of contaminated food and water to bare minimum u
adequite monitoring can be performed : use tirst any stored clear wateribg
canned or covered foods; wash and scrub any exposed foods, ,ﬁ“

2. If the effects of lack of food and water become acute, then use whht
ever is available but in as limited quantities as possible.  Whenever possiblé
select what seems to be the least likely contaminated water and or foodstufly’

3. Ninee it is especially dsirable to restrict the intake of vidionctivity Ta
children, give them first preference for food and water having the lowpst
degree of contamination. i
Tu 2t avea of heavy fallout one matter to consider is the relative hazords from
the external gamima exposure versus internal doses from ingestion of the material,
Une of the best evidences on this point was the fallout thal occurred on the Rop-
gelupese in March 1954, Those in the highest exposure group received 173 roent
gens whole body external gamma exposure yet their body burdens of internal
eitters were relatively low (22). These and other data sugeest that: *
he degree of contamination of an area for several weeks immediately fol-
lowing a nuclear detonation is such that the external gamma exposure would
permit normal and continuous occupancy, the internal hazard would not deny it

This is based on such reasouable assumptions of (n) about 50 pereent redue
tion of gamma exposure from out-of-doors dos afforded by living a part of each
day in normal family dwellings, (&) washing and/or serubbing contaminated
fouds, and (¢} exchiding areas where relatively little fallont occurred, but inte
which may e transported highly contaminated food and sor water. After longet
periods of time during which the gamma dose rates in an originally highly QE”.
taminated area have decreased to acceptable levels, it probably would be neces
sary to evaluate the residual contaminatiou for the hone seeking radioisotopes,
especially strontium 90,

veE

NUCLEAR WEAPONS TESTING It

- s
Since 1951, the United States has conducted 11 series of nuclear fests, 5 at the
Nevada fest site and 6 at the Eniwetok Proving Gronwd, for a total of more than
63 test detonations, A sixth series is currently underway at the Nevada test site
The fallont on the iuhabitants of some of the Marshall Islunids in March 1954,
(which will be discussed by others) and fallout on some Japanese tishermen, have
been the major effects off the testing areas. The only other off-site damnge has
been in the United States where the blas: wave has eaused minor struciaral dam-
age for which about $45.000 has been paid in elaims (23, and fallount that oc-,
curred on some horses and cattle grazing within 20 miles of gronwnd zero causing
skin burns tor which about $15,000 was P, .
At the Eniwetok I'roving Ground, where the la raer devices are tested, the ward-

fng area covers nearly 400,000 square wiles. Thisx aren is under constant sur
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eapee AUTing the time of gcstiug both by surface ships and by aireraft. Start-
U5 qars prior to a detonation, the seireh is intensified in the sector of probable
168 - L7918 any transient ship is loeated in the warning area, it is advised to leave
etonation is delayed until it is clear.
3b e manned weather and fallout prediction units are an integral part of the
. }‘.'}1',1«»0 condneting the tests.  Since the larger detonations in the Pacific re-
'3.“ additional information on the upper air, new types of high-altitude bal-
o< and missiles are used.  Nine weather stations are established by the task
+ . s during the test series on islands around the site, in addition to the eight
*U ar weather stations in operation on other islauds.
or ench detonation, aireraft track the radioactive air out for several hun-
i miles.  Other aireraft, with special monitoring equipment fiy over land
v 4 sea areas to measure any residual contamination.
3"Tg;rough the cooperation of the United States Public Health Service, trained
~.ripors were present during Operation Redwing (spring 1956 series) on-the
. pated istands of Wotho, Ujelang, and Utirik,
¥ 1z would be expected, the delineation of fallout patterns in the wide expanses
o =ne Pacific is difficult.  For the immediate monitaring, aerial surveys are con-
c:: i as mentioned above, automatic equipment are placed on land areas, and
a-‘ _riety of ships, skifs, and buoys are utilized. Following each test series, large-
‘e radiolagical and biological surveys are made, Data from these surveys

spouts
fa A| e d

N
:_‘- been summarized by the Commission in a document soon to be published by
pr Government Printing Oifice (21).

Tve Neva:da test site covers an area of about 600 square miles, with the adja-

-- 4,000 square miles being a United States Air Force gunnery range (24).
unding these areas are wide expanses of sparsely populated land. ¥For
ceneral safety, as well as security, the Nevada test site is closed to the public.
=ia] and surface surveys are mude to insure that no persons or animals wander
.+ the arca. Each nuelear detonation is publicly announced ahead of time.
a: a part of the test organization there is an advisory pancl of experts in the
of biology and medicine, blast, fallout prediction, and meteorology. A
- ez of meetings i§ held before the firing of cach shot to weigh carefully all fac-
1< related to the safety of the public.

A complete weather unit is in operation at the Nevada test site, drawing upon

v of the extensive data available from the United States Weather Bureau and
= Air Weatlier Service, plug six additional weather stations ringing the test
s-». These data are evaluated for the current and predicted treuds up to 1 hour
t fore shot time. A shot can be canceled at any time up to a few seconds before
:=. scheduled detonation. In the past, more than §0 postpouements have beeu
=.de due to unfavorable weather conditions.

Reveral measures have been used to reduce the radioactive fallout off the test
«+o. First, of course, only small nuclear devices are tested at Nevada., Since
tte greater the height of the fireball above the surface the less is the fallout in
rezrby areas, the test towers have been extended to 500 feet, and during Opera-
uen Plumbbob (spring 1957) there will be at least one 700-foot tower. Also,
2 ew technique of using captive balloons is being developed. Extensive tests are
teing conducted to determine the feasibility of detonating nuclear devices so far
toierground that all of the radioactive material will remain captured and thus,
<! course, completely eliminate any fallout.

I'rior to each nuclear detonation a warning cirele is established for aircraft,
te<imned to provide control of aerial flights within the area of predicted path of
e atomic cloud. A representative of the Civil Aeronautics Administration is
“-jgned to the test organization and assists in establishing the controlled area.
Tiis may typically extend about 150 miles in radins and be in force for a period

“om about 1T minus one-half hour to II plus 10 hours. All aircraft are required
check through the Civil Aeronanties Administration before fiying in this area.

After ench nuclear burst, aircraft from the test organization track the cloud

21l it is no longer readily deteetalhle. Dehind this come other aireraft to plot
“efallout pattern on the ground, This survey is repeated on D plus 1 day.

VThe off-site monitoring program during Operation Plumbbob {spring 1957)

nstrates the extensive system organized not only to take numerous radiological

“astirewents but also to provide close liaizon with the citizens of nearby com-

dnities. The Atomic Energy Commission and the United States Pablie Health
*arvice jointly organized a program wherein the areas around the test site are
“apped out into 17 zomes. A technieally qualified man has been assigned to
~7& in each zone. Ilis duties consist not only of normal wonitoring activities

et
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addition to the 17 zone commanders, as they ave culled, there are 8 ™
monitoring teams on eall to go to any l(l(.llllY to assist if needed or tOi o
to arvens outside the 17 zones. P o

Four additional monitoring programs are also in operation. One of ;
projects is primarily of research nature yet provides radiation nmmtonng A

out to 160 miles or more from the test site. A second program is a u%

system of telemetering, wherehy instraments arve placed in about 39
munities sround the test site and connected to commercial telephone w lres,
operator sits at the control point and, by placing a normal telephone call,
back sicnals that are translated in a matter of xeconds into gamm:a rldmtlon
rates. .\ third project consists of aatomatic instrunments lu(.uml i anothep:
comnities that permanently record the gamma dose rates umlinuuuq]yg
the beginning to the end of the test series. A fourth program consists of.
surveys with special gamma detection instruments, %
Fxtending outward from the test site across the country are 38 U mteds
Public Health Service monitoring stations established in cooperation with
Atomic Energy Comuission, and 11 ALEC installations (sce tables 6 and
I addition, through the cooperation of the United States Weatlier Burean'y

3

stations in the United States make gummed paper collections of fallout ﬂqb q

7). These gummed-paper collections are alxo made worldwide at 73 other Lo
tions by arrangement with the Department of State, United States Wealks
Iitnreau. United States Air Force, aud Navy (table 9). )

BADIATION EXPOSURES TO THE PUBLIC

I'hie data aund their evaluation concerning strontium 90 produced by n
wenpons festing will be discussed by others at this hearing.
The external gamma exposures through September 1953 may be d%
briefly as follows: %
% % & \With respect to the gamma dose, the averaze value for the Un!
Ktates ix higher than it is for the rest of the world. The range of values inth
United States is relatively narrow, 6 to 49 millirads, except for Salt Lake'y
(160), Grand Junction (120), and \Ihnquvmuo N. Mex. (110). The representy
tive doxe for eastern United States is about 15 to 20 millirads, with slightly high
values in the Middle West and Jower values on the west ¢coast,
“I'he cumulative gamma dose at the foreign stations is in the range of 4 fo’
millirads, exceept for some of the Pacific islands, where the range is from 13 tojh
millivads * % *7 (25), 3
These ave infinity does, i e, the maximum possible exposurcs one might m
ceive if he were out of doors for the lifetime of the radinactivity, there were m
weathering effects, and the activity decayed according to (time)=% Th
actual radiation exposures will vary with changes in these conditions, but roughy
may approximate one-half of the intinity dose. A
In summarizing, the data on radiation exposures from fallout, the \ahoﬁ
Academy of Reiences-National Research Council report said (26) @
“ % % * jr may be stated that United States residents have, on the avera;z
been receiving from fallout over the past 5 years a dose which, if weapons tes
ing were continuned at the same rate, is estimated to produce a total 30- vear doe
of ahout nuc-tenth of a roentgen; and since the accuracy involved is probaby
not hetter than a factor of 5. one could betlter say that the 30-year dose from
weapons testing if maintained at the past level would prohably be lnrger th!l
0.02 roentgens and smaller than .50 roentgens, * * * E
“The rate of fallout over the past yeuars has not been uniform. 1If We:lp('
testing were, in the future, coutinued at the largest rate which has so far.e
curred (in 1953 and 1955) then the 30 year fallont do<e would be ahout twie
that stiated above, ¥ * * 7 &
Gamma radiation exvosiures near the Nevada test site are generally highe
that the average for the United States. The map on paze 195 shows the estima
gunma exposures aceimulated from all tests at the Nevada test site. Table
Lists @t of the communities that have received sufficient fallout to result jn 8
estimated (.2 roentgens or more to the inhabitants, In addition to this list, 8¢
highest fallout level noted to date in an inhabited place around the Nevada te
site occurred in 1935 at a motor court near Bunkerville, Nev,, where about ¥
people mizht bave acaunnlated 7 to S roentgens if they had continued to lire
there inletinitely,
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The ~vational Aeademy of Sciences-Nutional Research Council Report recom-
“‘:.”.m:‘li That for the present it be accepted as a uniform national standard that
Ny installations tmedical and nonmedical), power installations, disposal of
S metive wastes, experimental installations, testing of weapons, and all other
¢ controllable sources of radiations be so restricted that members of our
'Mml::!iun shatll not receive from such sources an average of more than
Tt poentes, i arddition to background, of jonizing radiation as a total accumu-
St dast 10 the reproductive cells from conception to age 30, * * *
w2 That individual persous not receive more than a total accumulated
f e to the reproductive cells of 50 roentrens up to age 30 years * ¢ * and
:‘ + more than M0 roentzens additional up toage 40 * ¢ +.”

" yhe National Commiittee ¢n Radiation Protection and Measurement (27) has
. wommended that, “The maximum permissible dose to the gonads for the popula-
;;.." of the United States as a whole from all sources of radiation, including
sdical and other manmade sources, and background, shall not exceed 14 million
'n.ms per million of population over the period from conception up to age 30, and
.ae-third that amount in q:lch decade thereafter. Averaging should be done for
oo population group in which cross-breeding may be expected.” (27)

since natural background radiation is roughly 4 roentgens per 30 years, the
walue Tor manmade sources hecomes about 10 million man-rems for a population
of one million. Fhis particular unit was selected because of genetic considera-
Lons, that i< radiation doses to relatively large populations. The average
(ypostive to only those communities around the Nevada test site that experienced
e greatest amount of fallout (0.2 roentgens or more) is 0.6 roentgens for the 6
ears since tlie regular nuclear tests were started. The round numbers are
oy man-roentzens for 100,000 people. If the area considered around the
sevada test site is enlarged to include 1,000,000 people the average exposure is
st 0.1 roentzens for (he 6 years, or at a rate of ahout one-half roentgen per
an vears, This is one-twentieth of the recommendation of the National Com-
wittee on Nadiation P'rotection and Measurement for maximum exposures.

The highest measured concentration of fission product activity in the air off
1he Nevada test site was at St. George, Utah, during the spring 1933 test series,
pnennting to about 1.3 microcnries per cubic meter of air averaged over a 24-
Lour period. It was estimated that the radiation dose to the lungs from this
petivity was less than that delivered every month by naturally occurring radio-
setive isntopes in the air that we breathe.

The hizhest measured concentration of activity from fallout material in
water off the controlled arca was at upper Pabranagat Take, Nev,, in the spring
of 1955 amounting to 1.4 x 10—% microcuries per wmilliliter at 8 days after the
detonation.  This is one-thirty-sixth of the operational guide—an amount that
iscensilered safe for continuons consumption,

i
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Tanre 9.—Forcign monitoring stations during Opcration Plumbbob (8pring 195;j
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sated radiglion crposures for communitics around the Nevada
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IDEALIZED FALLOUT DIAGRAM
BASED ON MARCH 1,1954 HIGH-YIELD NUCLEAR DETONATION

{SODOSE LINES ARE EFFECTIVE 810LOGICAL DOSES (ROENTGENS)
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200
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Ficrre 10. (Sece also table 3, p. 183.)
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Fall 1952,

FPravre 11.—Detonation during Operation Ivy;
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e
8. AtoMIc Exercy COMMISSION,
Washington, D. €., March 20, 1057,
CHET ITOLIFIELD, .
Chirmit Military a.~.3.::::.. Sulbeommitlee,
Cangre cof the l nited SXtates.
A[x. HonIrigrn: This is in reply to your letter of Febrnary 25, 1057,
~ ) the roentgen re dings on Rongelap Atoll as of January 1, 1057
the Toenfgen rendings as of the samnme d:te on the downwind jxtand of
11 where the faltout wizht be expected te simulate that of a submrban
city.” We do nni have the data in the exact form which you re-
gre glad to give you the following information coneerning riddia-
Llsin rhese ared
L=t SLUrvey which we made of Rongelap was at the end of July 1936
v ool dose rates ranzing from L2 to 0.5 milliroentgens per hout
L average of 04 millivoent cons per hour, 'revious sarveys Iind indicated
doso rates in July 1856 would be aboout 0.1 millireentgens per lhour.
o valie foamd ind uly 1956 wars undoubtedly due to the small additionad
(hat eecurred during Operation Itedwing. 1f so, beeause of the relatively
Lay of this fresh raddioactive material we would expect that at the
tinee the radiation level is: cain in the neighhorhood of 0.1 milliroentgen
¢ oor less, This is abous one-half the currently recommended maximum
‘Lo pite of exposure for soneral populations,
L dose rales on the island of Rongelap observed in previous surveys are
RETE attached graph. The plotted points through which the solid line
Jvn represent ganuni dose rate readings at a point of 3 feet ahove the
anl. The break in the curve Letween the 10th and 25th day was undoubt-
(o the first heavy rains that were known to have oceurred after the
tien.  Aside from this break you will note that the observed decrease of
pia dose rate during the first 2 years follows rather closely values pre-
183.) 1 i from theoretical considerations.
: wamina dose rates on other islands in Rongelap Atoll have not been fol-
as ciosely bat the data indicate similar rates of decay with the most
eaptaminated island being about 12 times higher activity than Rengelap
This was the uninhabited jxland of Naen on the northwestern rim of
The decay rafes have not been similarly followed on the islands of
e additionat fallout oceurred on these istands from sub=equent
< during Operation Castle and again during Operation Redwing. It
o expected, Tlowever, it the rates of decay for the March 1, 1054, full-
ald Lave been followed. they would have been somewhat cimilar to those
Lo oeaph, (See p. 102
ingle fallout event, the degree of initial contamination in any area
W omany varinble foctors In general, the data suggest that after
Also plans are heing developed for a continuing and Jong-range
Ll corresponding radiation dose rate in close-in areas (1. €. 10 to 20 miles)
are ot eeeatly higher than at 100 miles downwind, under wind conditions of
wnne 1020 wiles per hour. However, it is important to realize that the radia-
tem dose teceived by unprotected persons in the close-in areas is greater bie-
canse ther would receive @ wnbstantial portion of their total do=e during the
e .1 for the tallont 1o reach the more distant areas. You will recall
Sout on the islawld of Rongelap started at about 5 hours following
the detonlon.
The A i Energy Commizsion is currently preparing a report summarizing
the duta s the surveys that have been made in the Marshall I<lands <ince (
ho1en Also plans are being developed for a continuinz and long-range

mitoring these :
oy yours, b
Davin L. Siaw

Assistant le;.ﬁ.‘k::bsﬁ..\ll,k

o

o

'
[

(S2E TEXT FOR AsSUMPTIONS) *

) P ~Dr.Dusyixe, In deseribing and evaluating the effects of fallout,
AEQ 54450 it ix necessary {o consider the characteristics of the radiations emitted
frow the aaterial. These ave of three types, asyou learned yvesterday:

vy ; Fall 1952, : : X
Ganana ravs, heta particles and Ipha particles.

G ravs are the emissions of principal coneern, Lecause of
orester range, and we will cpeak primarily of them.
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<501l characteristics, or on built-up areas. S
= The next chart summarizes some of the estimates of shiclding tha
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The gamma radiation dose that one may actually receive frop 4
out, and the biological effects are dependent upon five principal fg,
Let us consider each of these 5 factors briefly, and then altempt toi*
grate them into 2 illustrative examples. o

The first factor is radiological decay. g

The decrease in radioactivity of fallout material roughly mo:i
the relationship of time to the 1.2 power. N

I hiave illustrated on the first chart the doses that mieht he 985#
lated if fallout were to orcur 1 hour after defonation. If you ey
standing out of doors, fully exposed, from the fir<t to the seventh hore
after the detonation, one would accumulate 32 pereent of the SE?
sible exposure in that ara.  I'rom the seventh hour to 1 week later;
percent more, and from 1 week to the full lifetime of the ~.=Eomam:
material, the other 36 percent. This is based on a 1-hour fallog,
(Sce p. 191.) ol

If the fallout occurs at later times, then the expozures accumylgg,
much less rapidly. In other words, it would take much more than t}

3

first 6 hours to accumulate the 32 percent of the {otal possible dog :

q.romcnosm?.::.:x:?Qow:EﬁQQE.:::ommo.r.om::a om.@nm:-
weathering and shieldine effects. §
Obviously, these varv from time to time and place to place, mo,wa
cannot make any precize evaluation of them, but we can make Somg
generalizations, g
ased on data from the Pacific tests, especially the one of
1954, we found that the dose rates on the 1slands were N.Ai:amm.vw
factor of about two after the first heavy railfall; but after that'thy
subsequent rainfalls did not seem to reduce these dose rates appreciably,
However, there are good data lacking on the effects of rainfalligy
relatively heavy fallout patterns for large land masses having differe;

Mg

might be expected from different type structures. These are based
principally upon theoretical calculations, since there are a paucity of
field data.  (See table 1, p. 182.) M,w
In an ordinary 1-storv frame house, such as many of us live in,’on
the first floor there would be about 50 percent as much exposure ‘s
there would be out of doors. In the basement, the center, about 10
percent as much as that out of doors; on the side of the basement Jess
than 10 percent; in other words, better protective factors. E
For a multistory reinforced concrete, on lower floors away from
windows, a factor of 10: and for the basement we are again down’
one-tenth of 1 percent of the out-of-doors exposure. %
Likewise, with shelter equivalent to 8 feet of earth, we are down'to
one-tenth of 1 percent of th:» outdoor exposure.
Senator Hiexexroorrr, Mr. Chairman? m
IRepresentative HovLirrern, Senator Hickenleoper. &
Senator Hickesroorer. May I ask about the building, the franb
house. Does that contemplate all the windows closed, or does it cor
template free access of air? Or is it in the blast area? Or where are
these houses located. for the record ?
Dr. Duxxixe. The azsumption is made here that the windows are
closed. If the windows ar-1 doors are open, this in itself makes little
difference, hut then, as veor ‘mplied this will allow the radinactive ma-
terial to drift into the ot - and, of course, raize your level.
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. ¥
map. Then this would mean that large are,

Yepresentative Iortr 1 ,
upied for a considerable ::_:cmu.cn

of land might remain unocc

months? . Loy
Dr. Dexxixa, Yes. But I was about to mention that this is wﬁ&

on the assumption that people do nothing to protect themselves, sy
nothing to decontaminate the areas simply let 1t lie there and decay.*
Lepresentative Horemp, It is aovery difficult job to decontaming
{he large aveas of the eavth. )
Di. Duexxive That is quite true, Probably one of the best prg.
cedires, il one ean allord to do this, is merely to wait and let thy
activity decay away,  Bui in thiz area of highest activity which wony
encompass, perhaps, a few thousand square miles, perhaps measure
coulid he taken on decontamination whicly would not have to be dony
in the larger 25,000 square mile area. !

Senafor Bricker. What processes of decontamination are available}

Dr. Dexxixa. This is a whole subject in itself, sir. 1 will jug
bricily mention that the United States Naval Radiological Defensy
Laboratory in San Francisco have made considerable studies on this
subject, and have proposed certain measures of decontaminating build.
ings and land areas.  IHow cffective they are I think is vet to by
shiown. There has been some experimentation, but 1 feel a great dea

nore needs to be done. Hpf
Chairman Dunritay. You are speaking primarily {o gamina rap
now : are you not? Wy
Dr. Duxxixa. Yes; this hasbeen completely on gammi ravs. 55
There arve other types of rays. The beta ravs are of concern,it
appears, according to our present data. only when the fallout mate
rinl comes directly on the skin and remains {here for a period of time,
~T,\ the case of the fallout of the Marshallese, it was very illumi
nating to note that even a single layer of cotton clothing was enough
to prevent serious beta dose to the skin, and where the fallont mate
rial did land on the skin and did remain there, cuch as in the folds
of the neck and in the elbow, there were these so-called heta burng,
Lurns of the skin from these beta rays.  Yet, where they had the light
clothing on, there were no burns. Nor were there any on even thy
lower part of the leg, hut there were on {he feet where again the
material had been seutied up from the ground. hy
Representative Horrrmn, Can you refresh the commitice’s men
orv on how many days later this exposure ocenrred, and how far the
place was from the point of detonation? ,
Dr. Dussiza. The inhabitants of Rongelap T-<land were about 11
statute miles from the point of detonation.  Some were o,.wo:m,n.&
at o6 Lours. and some at about 48 hours after detonation,  Upa
evacuiation. they took baths.  Some of them did beforehand, and
come of them not. 1t would appear that those who did take baths
in the ocean did not eet heta burns. Tt is merely a physical picture
of moving the material from the body. w
Representative Horremern, T referred to {lat specifically, and T o8
elad you answered the way you did. becauze this @ives you a chap®
to answer alko in regard to the Japanese fishermen on the Lucky
D rcon as to how many dayvs later it was they were suppo=cil to haw
received their expo=ure.
D, Dessise, Thev were eenerally in the exme disanee, onlf
sorenw hat oser than the Rongelapese. The fallont ocenrred 0

T P—
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them. and they did not wash in general. Most of the dose was‘g
delivered 1n the first few days, and so it is a question of getting it
off and getting it off fast. —_—

The next topic we will discuss is that of internal exposure which
pas heen mentioned several times before this committee.

The principal hazards from intake of relatively large amounis of
ralionctive fallout for several weeks immediately following a nnelear
deronation arve doses one may get to the gastrointestinal tract, to the
divrotdoand to the bones.

My writien report to this committee considers in detail the amount
of ingested fission product activity material required to produce cer-
rin radiation doses to these critical organs of the body, and the

o=:ible biological effeets therefrom.

It i= a somewhat long, complicated story, Mr. Chairman, and I
would let it @o at that, and quote one conelusion, and that is: If the
degrec of contamination of aun avea is such that the external gamma
nadiation may be accepted, for continuous occupancy, then probably
the Internal hazard would not deny this occupancy.

I think some folks get somewhat confused. They say: “Fine.. T
think I begin to understand the external doses, but should I drink
this water?  And should T eat this food ?”

As I say, as an overall generalization, this conclusion would appear
to be so. but like most of these it is tentative and awaits further
information.

Representative Horirienp. There is this one factor I think you will
recognize : That in the ingestion of material from the secondary source
of vecetables or milk, you would be ingesting the long-lifed clement
of strongtium 90, and not the comparatively short-lived gamma or
beta ravs,

Dr. Duswixng. That is correct, sir; and my conclusion took that into
gecount,

Representative Hoririern., Of course, while it might not be lethal,
and would not be lethal in the quantities you speak of. it would be
residual within the bones or the tissues of the body, and would be a
permanent infestation, you might say.

Dr. Dryxwina. That'is correct,  But then one must go from there
o the next step, and say, “What is the actual dose delivered to the
bones from this internally deposited material?” Because actually
there is no significant difference between a roentgen of exposure,
whether it comes from strontium 90 or from gamma rays. coming from
material lying on the ground.

That is what I put into this conclusion when I said the amount of
materia} that one gets into the body by eating food and drinking water
i such an area would be acceptable in the sense that it would be far
below Tethal amounts. But I think we have to make a distinetion in
our muind here between peacetime tolerance levels and wartime. I do
ot hiave any specific number in my mind, but in these areas where
%e might permit occupancy in the case of warfare, they would prob-
ably accumulate internally deposited materials that would be in
txeess of our peacetime standards. I think we have to make this
distinetion.

Representative IMorierenp. Is there a distinetion between an area
Wat has a hundred roentgens of gamma radiation and 1= effect upon
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the body and, say, the ingestion of 5 or 10 roentgens which remafg
permanently in the bone now ¢

Dr. Drsxixa There is very little difference between a roentgey
delivered from internal or external sources. S5

1 ihink, in general, one can make the flat statement that a hundred
it comes from material on the ground ot in materia}

4
oF

roentgenz, whether
you eaf, and that goes to the bones, is about the same.
Representative Hortriren, 1t is a hundred roentgens,
a deposit of strontium 90, which has a persistence over a period of
238 years, while your outside exposure, you might say, {0 giunina rayy
or heta rays, would be something that would be temporary in natury

but it is ne

the time factor for a moment and simply say that so many roentgerg
of exposure to the bone, it makes no differonce whether vou get the

avs or from the material inthy

&
we have the doses vear by vear by year. and ~mM
this 1s no different, in a sense, )
ept possibly for the &

8]

hundred roentgens from the gamma v
body. It stays there. Sure, it persists there, What I was sayin
long as it persists,
all adds up to a hundred roentgens,
a hundred roentgens of ganmma rays, exc
factor,
Representative Hovirirno. This is gelting in pretty deep water
we. My thought was that you have a permanent localized area of rads
1 {ion of strontium 90, where yon would not n

ition in the maes
sarily have a localized concentration of it in the case of allover bodily

exposure of a hundred roentgens, .
{hink there is a misunderstanding cenerally
about the amount of strontium 90 that can be put in the bones from
inecstion, because there is only a small percentage of fallout of stros
{imn 90 that goes to plantlife, and only a limited percentage’of

imal life, and only a little percentags

stronfinm 90 that goes to an
of that which goes into milk or meat. I think it is something like
eyt ﬂ.m

Senator Bricweer, 1

1 in terms of warfare, and not in SEM

«a. Tf I may move on, that was my next point here.
4

r. DuUNNi
Anin now we are thinkn

{esting.
We have the situation of this March 1 shot, where we have a rels;
tively heavy fallout from a high yield weapon that appeared on:

jelands in the Pacific.  Since then, we have had 10

of

: -adiological -

Diological surveys of these islands, T thought the committee wo
S summation of those data, that is, what was thea
nvivonment in terms of food supply. ;u
1 wonld like to preface by saying that any conclusions ave {entati®
there are many uncertain factors here, but at lea=t Zam,
sugeesis in terms of Strontium 90 the activity in plantlife in the
islands built up over 1 year, that is, it takes time for material to'gé
info the soil, plantlife. and edible parts.
lations, the data suggests that if plantd
a4 of heaviest contamination it might ha
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; and would be subject to repair, where a permanent deposit in the bong ”
1 marrow would be permanent as far as the half-life 1s concerned; and;
therefore. it would be something that you could not get away ?o_,ﬁ
i youmight say. R
) Dr. Duxsise. Yes; T understand. I just vep sat that, if we forge
%
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T, . the bones of animals from continvous consumption of this food,

+ few thouzsand to several thousand Sunshine units. Now the maxi-|
"um permissible body burden for adult atomic-energy workers is'
”.\ale ut to 1000 Suushine units.

Tlere ix some confirmatery evidence for this crude evaluation. A

aetv of native animals were left on the island of Rongelap after

W JHout in March 190 L They were collected and sacrificed serially

diee. Even after 2 years of continuous occupaney it was lepmte(l

i« there were no pathological changes that could be aseribed to
fiation.  Their bones contained from about 100 to a few hundred
; ”Jx'nc unit=. Sinee the areas of highest contamination were about

10 14 times greater than Rongelap, an extrapolation would suggest

Jues in the same range, that 1s, if animals had lived in the area of

sreatest contamination from this fallout, they might have accumu-

ol from a few thousand to several thousand umls, of strontium 90

[} arhodies,

The Pacitic island soils have higher calcium content than most soils
- the United States, and, of course, there are differences in the type of
Sanilife and In the climate.  However, theoretical calculations sug-
o that the same fallout in the United States might result in some-

ne like 100,000 Sunshine units in the soils of the United States with

+ ¢ highest contamination. Humans living exclusively off the foods
-wn in these soils might accumulate a b()(h7 burden of strontium 90
a few thousand to several thousand Sunshine units, keeping in mind

ar 1000 1s themaximum permissible body burden for atomic-energy

rlers,

Chaivman Duenrtay, Doctor, the effect of a hundred roentgens from
e snil would be no more toxic than the 100 roentgens from the
coptinm; is that correet

Dr. Drxxixa. As far as the bones are concerned, it is correct. If
- receive 100 roentgens from the gamma or strontium, it is essen-
- v the same thing,

Chairman Durnase, Twasthinking of gamma rays.

Representative IHoririern, Let me ask this question on that very

int: If the 100 roenteens were ingested, would they not tend to go

“vcertain organs of the body and have a concentrated effect, and,

“wrefore, more of an effect upon, let us say, the liver or the spleen, or
weathier oraan of the body that might be vital to the life of a man,
wan it the 100 roenteens were spread over the whole body 2
Dr. iex~xixg, If you could turn that around just a bit, Mr. Chair-

©n The way we compute it, we asked the question, How much

b taken into the body w i ezsentially result in 100 roentgens to
“lioves to the liver, et cefera? We start the other way aronnd
smbwhat you are saving.,  We simply ask how much material does
« have to take in to end with a 100 roentgen dose. So we have
el onr conelusions
J\"w sentative Horteern, Again, ave you not faced with the fact
it could not give a uniform (losc of a hundred roentgens to every
s in the hody, heeanse some organs of the body—and I am speak-
“Rew in the ease of ingestion of food or drink-—some of the or oans
H body would naturally process that, and it would be do]m\ltod

.

Tresy organs rather thaw in the outzide skin and toenailz, and so

n
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in assumptions, these data snggest possible levels of strontium /
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Dr. Drxxixe. That is correct.  When we speak of external ga
we mean essentially that each and every part of the body receiy,
this 100 roentgens. 4

Representative Hoviriern, This I can understand, but I cannot.y;.
derstand how you can ingest contaminated foods or liquids and hay,
it affect the body uniformly. Ty

Dr. Denxixa. 1 did not mean to say that. If I did, it is incormcL

Iepresentative Ioririerp. You did not say it. 1 am saying it ag,
question or a statement for clarification. '

Dr. Drxxixe. You are quite correct.

Lepresentative Horwrienn, Am Iright in my supposition? .

Dr. Dux~ixNe. You are quite correct. V.

Chairman Durnay. What we are saying, Doctor, whether it comey
from Sunshine or whether it comes from strontium 90, that is, thy
camma ray, it is no ditferent as far as the effect of it, as if the samy
dose 1s taken.

Dr. Dryxixa. That is correct, sir. S

Lastly, then, I would like to mention briefly about the testing,and
I do think we have to make a sharp demarcation in our minds that w,
have up to now been talking about more of a warfare situation. Byt
intimately tied up with this is the testing. e

Very extensive efforts are expended to protect the public in the play
ning of test nuclear detonations, and in the monitoring programs jy
operation during and between the test series. These are describedin
a detailed written report to the committee previously. .
#Tince 1951, the United States has conducted 11 series of nuclear
!tosts, 5 at the Nevada test site, and 6 at the Eniwetolk Proving Groun
for n total of more than 63 test detonations. A sixth series is cur
rently underway at Nevada. So I understood by the report thi
morning. S

The major effects near the testing sites of the fallout was on'the
inhabitants of some of the Marshall Islands in March 1954, which wil
be discussed by others, and fallout on the 23 Jupanese fishermea
Worldwide effects will be discussed by others. o

Tince the committee manifested an interest yesterday in the fallow
nearby, especially in Nevada, I do have a chart that may be of interet
to you, This is our best estimate of exposures in arcas around the
Nevada test site.  The units are roentgens of gamma exposure.  The
are based on certain assumptions, one cf which is that the total doz
is this [indicating] if one continues to live there indefinitely. (S

"

bottom of p. 105.) e
With those numbers before you, I would like to recall to vour mind

{he recommendations of the National Committee on Radiation Pre
tection and Measurement, and the recommendations of the Nationd
Academy of Sciences, which, in lay language, sort of lays the ground
rules for our permis d
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sible exposures. 4
Both comnmittees—expressed in somewhat different units, both com
mittees said, in essence, that for individual exposures the maximu
pernmissible amount should be 50 roentgens up to age 30.
Representative Horirreep, At this point, it might be well for youl
explain the term “Sunzhine unit” in relation to roentgzen. Isdl
not an ocenpational unit of measurement rather than a aeneral pope
Jatton unit of measurenent ?
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Question, Iow constant is the relation between air dose amd the biology
effective dose in view of the known gamma radiation energy changes with’
Answer. It is correct that the energy spectra of gamma radiation dose
with time and thus will affect the dose distribution within the body ang.
energy delivered to different parts of the body. Further, the energy specln‘
any one timme is quite complex, consisting of photons over a wide rangs
energies, except for long times after a detonation when only a relativeufa
isotopes remain, such as cesium 137, All of these do complicate the probleu¢
estimating the biological effects. ITowever, there are other variables, Slldl
weathering and shielding and decay constants that have as great or pro)
greatler influcnce in determining the eflective blological doxe accumulated:

Question. Compare the numbers derived from the (time)” 1 law decayiw
that devived from the application of the known gamma emissions from theﬂu.
products,

Auswer. The relation of (time)—"?* was intended to apply to the nctual?ﬁgﬁ
tegr .mmh of the atom. We have aceepted the rate of beta emissions as ¢}
approximating the actual disintegrations of the atom. However, the ratio¢
gamma photons emissions to beta emissions varies with time (as does‘lh
Lammt energies) <0 that the actual decay of gunmima dose rales can de'm
from the (time)™ This deviation prolnhly is nnt very great until sevefi
nmonths after the detonatum, when theoretical calculations indicate that the de
cay is significantly greater than (time) . This is shown in figure 4 of oy
writien report,  Of cuur\e. presceuce of any indwecd activity can also resulth
a departure from (time)™

IMscUss1IoN OF RADIOLOGICAL SAFETY CRITERIA AND DPROCEDURLS FOR Pum
P'RoTECTION AT THE Nuvapa TrEst Sire * Fiw

. . .
Gordon M. Dunning, United States Atomic Fnergy Commlission, Division of
Biology and Medicine, Washington, D. C, February 1953 kv

INTRODUCTION

The criteria and procedures <et forth in the following paragraphs were,dsl_x}
lished after full cousideration for protecting the health and welfare of the pﬂblf.
Loth in terms of radiological exposure as well as possible hazards, ha
or inconveniences resulting from disr nplxnn of normal activities. Griterl"m
extublixbed as puides for the test organization in determining whether unyspedﬂ
arctions xhould be taken to protect the public.

With improved methods of predicting fallout and with the use of higher t
for detonating the nuclear devices, it is expected that fallont in populated
from future tests at the Nevada test site will be less than the highest a8
which have oceurred in the past. : :

Two basie assumptions are made in this report : L

(1) Tt is the responsitility of the Division of Biology uud Mediclpg #
extablish such eriteria and procedures fur the Atomle Energy Comimigs
ax deemed necessary to protect the health and welfare of the general’
ulace from cousequencies of weapons tests condicted at the Nevadg!
site, 3

(4) The operational procedures adopted for meeting these criteri@
procedures shall be the responsibility of the test manager, as directed by:

Divigion of Military Application, with the technical zuidance of the Dl

of Biology and Medicine,

The following eriteria do vot apply to doinestic or wi'd animals since. lﬂ”

of radiation which would be sizniticant to them would have to be lugher.}; {

thoxe specified herein.

ChRITERIA T EVACUATION A
Introduction .n&g A

The decision to evicuate a commtmity i= eritical £ two principal reasons

Oune, presumably there might be a health hazard if the personnel were 811;’;? g
—_— B 04
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5

ardshi .
main.  Twa, there is always an clement of danger and/or hardship to per
ey - . o - e
211::11-1 involved in such an emergency 1.n( ﬂSl‘]tl'(‘l.l(‘(‘ﬂ may gceompany an sitnation
lintt %, " 11 is reengnized that extenuating C”Clm]:n;:do (.)r qciio‘n imbany ane stnation
M (v ety e - 1 n \ . V
that the energy Spectra of gamma radiation dose chagg, chere conditions indicate evacuation as a > of n. The size of the con-
ill affect the dose distribution within the body ang®h W unity. areas, anl pecommodations available x(; ml(_- ?‘i‘(;ry C_l,wq s L e
I ! . Areas, Rl h ) S
oviati ' i sposition of ambula 1508, om
rintion and routes of evacuation, di . : tion of
ot ‘.11.“" wrty left behind, and many other f:}ctms may enter lx}t()' the ]<‘]d}“”“q
”!1“ 11' vt Ix; (:v'lcm'mn Further, it is recoguized that, undcr] cmx.mnﬂcom.“ ln.xt‘
B e moof a ight not only prove rather ineffectus
ne eviaenation of a community migh only R v ineffe but
lmxh(' ‘r:-c-': in muce radiation exposure than if Hm]pn]nﬁl.lttmn ]]:'lllhil(:llll(g"li]:]nt'v‘: l'm
s the s "> ately evaluated. A blanket evalus H
s the situat’en be adequately evalunte | ' Ca
e eimee s ¢ i i 1 ique. The following eriterin there
+in advance: each situation can be unique. ! teria tl :
f t'nl‘: :;""mtod as guides in assessing the possible radiological 'h.u.l.xdst. :;;; )
If’ Ildl : :; ;1111<‘ be made on the hasis of all relevant factors known a
BNl s z
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dose that might be saved.
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ited States Atomic Fnergy Commission, Division}
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i -4 the process of weathering.

INTRODUCTION

setiv i0lorical doge
The rationale for table I-a is as follows: The total om{tl\o M“]]“f(l*(r?lin;n"
IImt“\\n;x\} be received if evacuation were not ordered is (x)'h‘-m”s‘-{'nnu(xgtiuu cUula

‘ ‘1 < ion is fact that such an action as ¢

> fartor.  Auother censideration is the an 4 e oy
; dar: individus 11d also possibly be detri : 3
» dangerous to the individuals and cou : entil to a very
iw'(tl‘ ry '1'lb[i0ll'll efTort of weapons development. One must th:‘.l'l ask, “Just v
i SNAry b wes i . ©
much will be gained (radiation dose saved) by evacuation?

Ixtimates of
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TanLe I-s.—DPredicting effcetive biolugical doscs from dosc-rate rcading.',‘,i

B
3 ?‘.
A B o D -
Theoret!-
csl maxt- Altenua- | Effective
mum dose tion and | biological
(based on! Biological] weather- dose
best estd- | factor ing factor
mated factor | (column
rte of BXC)
decay)
From tirme of {fallout until time of evacuation 11 1/2 112
From time of evacuation to time of return 1. 34 3 ty/2

From time of return 10 a time 15 days alter initial
Gllont e
From 15 days untid 1 year after initial fullout.

Total..

1

' This estimate Is based on the concept that if evacuation were not accomplished, then a certain m
dose would be accumulated over the period of time selected. 1 Lis time period also represents the Y
dose saved if evacuation were accomplished.

2°T'he value of 916 has been rounded off to 112,

i Thix assumes that the time of return occurs before 15 days. A period of 15 days was selected to p
A dividing point between the time of initial exposure from failout 1o a time 1 year later, The 15 days
unique signiticance othier than providing n busis ott which to estimate the biological factor. :

At a later time after fallout, better estimates of radiation doses received may;
be obtained from film-badge readings or dosimcters. If these film badges'
dosimeters are worn on personnel and the evidence of their nse supports™
view that the readings are a reasonably accurate account of the radiation d
received, then the values recorded on the filin badge or dosimeter may be accey
with a correction factor of 3/4 to account for the difference between the @
received by the film badge or dosimeter (iucluding back scatter) and that
ceived at the tissue depth of five centimeters. Table I-¢ may be used in e8
mating the effective biological dose from film badge or doshmeter readings.

TaBLE I-C

A B o D

Film Effective
Film Biologt- | badee or | blologl-
badege | cul factor dosimeter| el dase

reading curree- factor
tion {eolumn

BXCy
From time of fullout untli time of evacuation . .. ___. ' in a4 are
From time of return te 15 duys after initial fallout. /4 34 112
From 15 days until I year after initis) Lallout. ... ..., 288 34 172

] S a .......... ) ................................... 4 ;

T he value of €16 has been rounded off to 1,2,

Discuxsion of the biological factor.— As longer perimds of time are involved H 4
the delivery of a given radiation dose, lesser hiological effects miay be expectet
From the time of fullout until the time of evacuation probably will he n matter 8
honrs, which has been considered essentinly an instiantiancous dose, that is, thex
biological dose fuctor is 171, From the time evacuation eould he accomplish
to time of return probably would be g matter of several dayvs, so (he hivlogl
factor has been extimated at 3/4. From 15 davs after fallout umil 1 year latef
ix essentially a duration of 1 year, o the biotogical factor has been extimnted 868
230 1o will be noted there is no calentation after 1 year, hecnnse it is expectedy
under actual conditions of radiological decay and weathering that probably po%
signiticant duose will be delivered after a vear's time in populited areias aroupdy
the Nevada test sjte. i

It is recognized that the precise guantities snggested for the biological factof ;.
cannot be snpported by conclusive evidence, Tt is reasonable to expect that the
delivery of a given mdintion dose over a perind of many days will have }
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effertiveness than an instantaneous one (negieciing genectic effect=) and
(he exsension of the period to essentially 1 year should yield a still lower
Al factor. One piece of supportive evidence is the work of Strandgvist,
\.rav duses to the skin were factionated into daily amounts, and the
ieal eifects comnpared to a one-treatment dose. A log-log plot of tot:il doses
N ter initial treatment yielded straight lines. For example, the curve
sis indicated a ratio of 3,000/6,700 roentgens for a 1-treatment
15 daily equally fractionated doses. Of course, daily radiation doses re-
rom fallout are not equally fractionated, so that the ratio would be in the
Dayx-by-day doses delivered from fallout from the 15th day
more nearly equivalent than at early times (ignoring the weather-
<:randgvist data do not extend beyond 40 days and it is questionable
ata in an attempt to derive a similar ratio as above based on

i

ol f

ne tle rate of dose delivery, and so forth. Tle ratio would presumably
sher from unity than for a 15-day period. The skin is a relatively rapidly
ol ercan and thus may tend to overemphuasize the effects of fractionation
wemsibring whole-bady gamma doses.?

with ecobalt zamma rays, the dose that will kill 50 pervent of the
v perind when delivered in a single dose at roughly 13 reentgens
proximately 275 roentgens.  After this dose of radiation the

‘T'he 15 days ha . vt !
B . eals Beoane i within a period of 7 to 10 days and deaths occur between
couvhoand 2oh day. Hemorrhage, infections, and profound anemia are prev-

.0 If t1e dose is decrensed to 100 roentrens per day given over a 14-hour

Cthe leihial dose is inereased to 600 to 800 roentgens.  Under both condi-
als die in approximately the same period of time with identical
If the expoesure is dropped to 25 roentgens per day given over
. the lethal dose is then inereased to well over 1,200 roentgzen,

< may fe virtnally dead while the exposures are continued.  This mizht e
crited in experiments using the burro where the daily doses of 4, 200,

I roetoens given to 3 separate groups required 3.600 to 4,000, 2500 to
TaBLe I-¢ Secaml Zevi to 9,600 total roentgens, respectively, for 100 percent lethality*
. imentnl data reported by Boche ® are summarized below,
A B C D T e | I
. b Daose per day | Dose per woek Survival tlue) Total dose
. . Filin I flective (rornigens) (ructity-ns) ’ (wecks) {rentgons)
Film Riologt- | hudue or | binlogt- — -
badge leal factor dosimeter; cul dose
reading worree- factor | (co 10 20 24 1, 430
tion (column 8 3 83 2,
BXC) -
<ULl o o sely normal survival times were ot glven nor were the ages of the anfmais ologs),
11 34 34
34 R 112 A R - B .
273 34 19 Lox taken the two points from Boche’s data, inserted these into his

rounded off to 172,

logical factor.— As longer periods of time arve involved
radiation dose, lesser biclogical effects mayv he expect!
t until the time of evacuation probably will he a mattert
considered essentially an instantancous dose, that is, the¥
s 1/1. Irom the time evaenation could he accomplish I/

thly would be a matter of several davs, so

ed at 34 From 15 days after fallout until 1 year latefz
n of ]. year, so the biological factor has been estimated 8
here is no calculation after 1 year, because if is px])eCf
3 of radiological decay and weathiering that prnhnbl)’fI
delivered after a year's time in populated areas arow ‘

the precise quantities suzzested for the hiological facto
conclusive evidence, It ix reasonahle to expect that thes
liation doxe over a period of niny davs will have ey,

the biolﬂgia}p

Liion relating reparable and irreparable damage. The ratio of in-

Meois dise to 1o-day dose is 350,450 or 0.78, and for 4 months' dose about

[TRREN

«~t= that “the points are too few to determine the constants {of
v with any accuraey but should at least be in the proper range.”
wnstants of his equation have checked well with more extensive

“oanacler ynimals. His equations indieate that the rate of recovery of

Slio fnoopy fs fastest in the monse (of the types of nuuumals selectedy,

L0 as fastoin the rat, and about one-seventh as fast in the guinea
—
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pig and dog, but as Blalr pointed out, the reaction of the dog is more repfm
tative of the larger, longer lived animals. “;“
Discussion of the attenuation and weathering fuctor—From the time of fo
out until the time of evacuation it Is expected that personnel will be ket
doors. (See criteria II.) Major losses due to weathering cannot be relled,jl',.
dnring this period, so that the estimated factor is 1,2, Frowm the time epga
tion could have been accomplished until the time of estimated return itfgy,
sumed that personnel will be indoors aboout half of each 24 hours andagt
major losses due to weathering cunnot be relied upon. The overall faefg 3
thus 3/4. R .
The same reasoning applies to the third period of time, {. e, from assg
time of return to 15 days after fullout, e
From 15 days after fallout until 1 year later it is estimated that the at(@{._
tion due to buildings and the effects of weathering will yield an overall factw
of 1/2. N
Dose-rate readings have been taken with survey meters outside and inside o
houses around the Nevada test site after fallout occurred. The ratio of pead
ings varied with the type of conxztruction of the house and with the locatin
within the building. Generally, the ratio of readings outside to inside a fram
house was about 271 with a somewhat greater difference for masonry constrae
tion. A limited number of film badges were placed outside and inside of pome
Louxes dduring Tumbler-Snapper and also Upshot-Knothole. Ir the first cam
the «difference in total doses was again 2 to 1 or greater, but during Upshot:
Knothole only about a 20 percent difference was noted. In fact, in one .can
during Upshot-Knothole the film badge iuside read higher than outside.;',‘!_[h
differences hetween these experimental data will have to be investigated during
future operations. gy
The very nature of the weathering factor makes thiz a difficult paremete
to evaluate. The probability of occurrence of precipitation and/or winds asd
to what degree has to be estimated, as well as their effects on radiation levels
Leaching etfects were studied on soils about 130 miles from ground zero wher
fullout had occurred during Upshot-Kuothole. Dose-rate readings were Insig
nificantly lower than those predicted by radiological decay according to £
after a period of more than 1 year. Oue exaniple of the effects of winds wa
observed during Upshot-Knothole. The fallont from the March 17, 1953,30
nation was in a long narrow pattern to the east of ground zero. The séoosd
dax after a fallout a rather strong surface wind blew almost at right angle
acress the area, for alwuit a period of a day. Dose-rote readings were take
cu the first and fourth days at the same Jocatiens und then were cOmpal
The fourth day dose rates were les<, by factors of 3 to 6, than those to bee
pected from the first dax's readines, based on rate of decay of ¢, (Othe
fallout weasarements indicated that the rate of deeas of this fatlout materis!
wias not sienifieantly diterent from C95) TDecanse of the physical conditios
deseribed above, these reductions in eottiminatiog probably are near theﬂ?lﬂ
Timit to be expected from wind, ’1;4_

>

Opcrational frasibilitu of eriteria 2,23
It is not the Intent here to discnss aperational procedures, bt it should be'ﬁﬂ'
cated that the computing of radiatingn doses as recorntnended in eriteria 1188
pot too difficult task. I ene assuiees o 7% pate of decny as g first approxid
tion. then a single graph of dose rabes vorsns times aiver detonation ean be b
structed that will repoeesent 4 20 roentoen eff ective hiologienl dose for 1 yvearX
Additional family of curves ean be made that will provide the answers 0%
panitmeters of how nawch time wonld be available betore evacuation and of B
lonz a time persounel wonld have to remuin ont of the radiation area in ord
pravide for a savings of at least 10 roentoens, -
The highest whole-body gimma dose recorded for any locality where persmIul
were present outside the Nevada test ~site wis at Riverside Cabins, Nevada (ﬂbﬁ‘:!
)

15 people). fullowing <hot No, T ot Upshot-Knothale, The maximm theorel
Intintty mamna dose was estimated to e 12 10 15 roentoens, ;ﬁ
CRIERTA IT PRESON NI RIAMALN [ TS honks ‘f
When the conmin dese vte pewding os noeasiired by o coprvey neler held 31“t
alone the cronnd veaches the values oven g ceaph 1o “hoe Tines ilu“l'iltedl“
recotmimeroesd thal personne! shaid be pespiested Lo pensin indosors with wino®
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18 Blalr pointed out, the veaction of the dog i= more re
-, longer lived animals. 3
te attenuation and weathering fuctor.—¥From the time ofy
» of evacuation it is expected that persennel will be
ria I1.) Major losses due to weathering cannot be relied
{, 50 that the estimated factor is 1,2, Frow the time evgh
een accomplished until the time of extimated return §tJ »
anel will be indoors aboout half of each 24 hours andi
to weathering cannot be relied upon. The overall ;.'.i
uing applies to the third periml of time. i. e, from s
3 days after fallout. 2
fter fallout until 1 Fear later it is estimsted that the atfesy
1gs and the effects of weathering will yield an overall fa;

1gs have been taken with survey meters outside and insigas
: Nevada test site after fallout occurred. "The ratio of

the type of construction of the house and with the 10catin
z. Generally, the ratio of readings outsile to inside g frame
/1 with a somewhat greater difference for masonry constree
umber of film badges were placed outside and inside of some
mbler-Snapper and also Upshot-Knothole. Ir the first-eam,
otal doses was again 2 to 1 or greater, but during Upshat-
at a 20 percent difference was noted. In fact, in one cam
sthole the film badge inside read higher thun outside. Th
1 these experimental data will have to be investigated duriy

> of the weathering factor makes this a diflicnlt paremetet
probability of occurrence of precipituation and/or winds asd
s to be estimated, as well as their eflects on radiation leves
ere studied on soils about 130 miles from ground zero when
ed during Upshot-Knothole. Dose-rate readings were inslg-
an those predicted by radiological decay according to t
aore than 1 year. Oune example of the effects of winds wa
tshot-Knothele,  The fallout from the March 17, 1953, deto
nyg narrow pattern to the cast of ground zero. The second
s a rather strong surface wind blew nlmost at right angle
T about a period of a day. Dose-nite readings were take
mrth days at the same locations and then were compared
se rites were less, by factors of 3 to 6. than those to be ex
sstoday’s realings, baxed on rate of deay of t™.  (Otbe
s indieate:d that the rate of decay of -his fallout materis
Iy different from t74%)  Tecause of the physieal condition
e reductions in contamination prohalls are near the uppet
from wind,
iduofcritcria
t here (o discuss operational procedures, bt it <hould be ind
nting of virdiation doxes as recommenided in eriteria 1184
I one sissiines o t77% pate of decay @< a first approsimy
rapht of dose riates versus times after desamtion can be 0oF
present a 30 roentzen eftective biologicu! e fop 1 vear. A
Feurves can be made that will provide the answers to the
nuel time would be available Lefore eveonation and of ho¥
L wonld huve to remcin ont of the radin on area in order ®
Cof atleast 15 roentuens,
hody zamna dese vecorded for any lovs 0y where perSO““d
the Nevida test <ite was at Riverside Cooans, Nevada (ab'oul
£ shet Noo T of Upshot-Knotheleo The tooximmn theoretd
wax estimated to e 12 to 13 roenteens,

THIERTA IT0 PERSGNNUL RUMAINTNG INDet <

voeter held 3.feff
chies the vioec civen in craph TEHat the  mes judicated, 1“:
wsonnel sLicl be peqiiested G temain 0 vors with window

lose-rate reading s o=t resd Lo s
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4 doors closed. Release from this rvstrlcliye_ action should be made on the basis
lffurther evaluation of the rn(linlogi(::xl COllldl[l(lnS. o S
‘In the event that there be convincing evidence that the radiation leulg ;:n en

rraph will be reached, it i3 recommended that yersonnel be request q to
u e bindoors hefore fallout occurs or before the radiation levels equal thu:\je
yu‘].thl;\h 1I. Release from this restrictive action should be made on the basis
2 rther ev ion of the radiological conditions.
"‘flf!uirsmrl:‘l(-gl‘xﬁrl)gfrilt(ie(l that people who had been out-of-dnors during fallont of the

hove magnitude or greater be advised te changze clothing and to bathe. The |
1 -~

hing may be cleaned by normal means. While bathing, special attention
e 4 &

ha .
. be paid to the hair and auy expaosed parts of the body.
L‘lj‘:]mtlhe ei'ent that the monitoring takes place after the fallout hgs occurred,
1 extrapolation of the dose-rate readings equals or exceeds those in ;zmph II
:?n:é estimated time of fallout, theu it is recommended that the same advice be
n}en as in the preceding paragraph,

93209% —57—pt. 1——13
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igendston

'Tbe action of requesting personnel to remain indoors is predicated on the
SR | .nciple that the radiation levels are below those established for evacuation and
b ‘a3t this action could reduce the amount of contamination of personnel and re-
';—uw somewhat the whole-body gamma dose. (Sece appendix A for estimates of
getion in whole-body gamma dose.) The actual “savings” healthwise have
:jbe balanced against possible adverse public reaction.

“rne principal gain in requesting personnel to remaln indoors is to prevent or
.Juce the amount of atomic debris that may actually fall on the body or clothing.
cnce the peak of fallout usually oeccurs shortly after the start of fallout, it is
.pportint that prompt decisions and actions be taken. Thus, by necessity, the
-ost pritetical eriteria upon which to base a decixion are gamma dose rate read-
a3, whivh are in turn related to the amount of fallout.

Beta dose to akin—The most inunediate solution might be to establish lower
wermitted dose rate levels at later times after detonation. However, if a serles
{ dose rates are established for increasing times after detonation so that their
lationship follows t=', then the doses delivered in X hours (before the material
swashed off) will ke greater for earlicr times after detonation. If one were sure
Jfthe time that the fallout material was to remaiu in place, then a seale of dose

.ites versus time after detonation could be made to yield the <ame total dose
Jer the X hours.  Since thiere is obviously no set time period for duration of
antact that would te valid for all eases, one might assume the worst cise where

se material rempains in place until its activity has decayed to an insignificant

wrel. Dwse rates could then be approximated, to yicld a given infinity dose,

D=53At where: D=infinity dose; A=dose rate at time “t”.

If the above discussion is accepted, then the remaining question is to set the
afinity Jose.  Here. we must be clear that whereas the measurements taken by

se moniters, and the data upon which action will be decided will be gamma
{ose-rate readings, the point of principal concern is the beta dose delivered to
the basal layer of the epidermis (assumed as 7 milligrams per square centi-
weter).  The ratio of emission of leta to gamwma iy a function of time after

fetonation and follows no simple relationship. Further, this ratio at any given
tme after detonation has not been firmly establishied. QOne repart suggests the
following data :

Time after detonation s Bcta/gamma
T hoOUrS i _ 15771
T658 BT S o e e e — e —mmm e 156/1

These data were obtained from a cloud sample rather than actual fallout material,

#nd were 2 measure of surface dose on a plagque using a “dosimeter type beta-ray

rurface ionization chamber.”

The method of collection snggests the possibility that the thickness of material

‘0 the plaques may be less thun that to be expected from the amount of fallout
that would he of concern when estimating probabilities of beta burns. T'his would
result in a different angular distribution of the betas influencing the beta dose
rate in the direction of a higher value for the plajgues.

Another report indicates a beta to gamma ratio of 130 to 1 based on theoretical
emputations. A third report suggests a radically lower ratio; however, there
EAY he come doubt as to its conclusions since the ionization chawmber, used to
Leasure gammas only, had a wall thickness of 1 mm. of bakelite which “* ¢ *
excludid a small part of the total gamma dose present, as well as a large, but
uwknown, fraction of the beta.” (The range of 0.35 Mev. betas Is about 100
we./em.}! or approximately 1 mm. of bakelite.) For our discussion here, we
¥l assume a gurface beta to gamma ratio of 150 to 1,
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In estimating the beta dose to the basal layer of the epidermis, one
to the work of Henriques.! He exposed the gkin of Chester White pigs to p
containing different radiolsotopes, Pertinent data are abstracted as follgy

Eurface dose
required to
produce recog-
Isotope Energy | nizatle trans-
¢pidermal
Injury (roent-
gen-equivalent-
beta)

1, 500
.61 } 1, 500

Yttrium 91 __._..
Strontium 90
Ytrrium 90_ . ...

deprh dose, to yttrium 91 or Qr 1)0 Y00,
of 7T mg./cm.? would not be significantly «11fTerL-nL from thv \urrd(e gamma i
the ratio of 130 to 1 for beta-gamma will be assumed at the basal hyer 0
epidermis.

(One experiment with sheep, using Sr-4—Y-90 plaques, showed that’ 4
reps at the plaques’ surfice produced uleeration in 1 but not another of 2 shé
On the other hand, 1,000 rads delivered to tissue depth of 7 mg.‘cm.? from
' 1-inch diameter dlsk (type of animal not stated) produced tanning, prolonge
er\thema, and desquamation. )

gamma dose rates whereas the monitors \\nll bu lll.ll\ll]l; (}w ir "nnma m
ments at a height of 3 feet. *ast field experienve has indicited that the
reading from ionization-type survey meters at ground level is about 50
higher than at 3 feet. Therefore, if it be assumed that a sround level Y
reading of a survey meter is equivalent to a surface dose rate, the ratio of
dose rate at 7 mg./em.? to gamma dose rate at 3 feet is abeut 200 to 1.

Another approach to estimating the ratio of beta dose rate at 7 mg/
gamma dose rate at 3 feet Is as follows: Assuming a uniform dx:trlbutl
1.0 megacurie per square mile of gamma ncn\u\ the dose rate readi
an infinite field is about 4.1 roentgens per hour.* C.ll( ulations given in ap
B i.dicate that a like concentration of fallout material will produce abou
reps per hour at 7 mg./em.’  This suggests a beta to gamma ratio of aboufy
to 1 which is about a factor of 2 lower than the first approach.  Added 8
to this latter method of estimating beta doses is found in appendix C.

Such considerations may be fraught with pitfalls. For example, tbe
discussion implies a uniform distribution of fallout material. Obviously.
not correct, but how far this deviates from the facts and to what exted
influences the results is difficult to assess. Calculations indicate that
duction of recognizable beta burns from a single particle revjuires a high
activity. (See criteria III for discussion.) It may well be. however, th
particles of fallout are close enough to have overlapping of radintion fields
thus require significantly lower specific activity of the particles to produceg
burns. This hypothesis has support in that even the most superficial beta b
of the natives exposed to fallout following the March 1, 1954, detonation sh
a, general area affected rather than small individual spots. On the other
the cattle and horses exposed near the Nevada test site showed hurns over 8]
only about the size of a quarter. Even though these may not have beenj
duced by single particles, they do represent less of an arey ffect than s
for the natives. Also, radioautographs of the fallout in aress outside the Nei}d-
test site suggest the occurrence of individual particles with nonoverlapping
radiation fields. However, in nearby areas where the foliout was relat 'd}
heavy, there was a definite overlapping of the fields. ;
- !

TEfect of Betn Rayw on the Skin as a Function of the Inergy, Intensity, and II'IJY”U(‘1
of Redlation. Ilenri ues, . W. Laborutory Investlgatinon, Vol No, 2. Summer i

*oumparative Study of ]\]wriun ntally Prodoced leta Les ind Skin Lesiond
Tend Bange Sheep, b, G 1 Spo e 3 E wed Tage o 58 L ASL, Novemt
80, 1 s nelassticd ,
Y ETects of Atowle Weapons, 1450,
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the beta dose to the basal layer of the epidermis, one mafg*

lenriques.! He exposed the skin of Chester White pigs to p

rent radiolsotopes. Pertinent data are abstracted ag followy,
i

Burlace dose e
required to m
produce recog- mdlwm&
Isotope Epergy | nizable trans- | y
epidermal toa dep@y
njury (roent- 10.08 mm,
gen-equivalent-igen-eqi
beta) (
1.53 1, 600
.61
2.20 } 1,50

maximum energy of the beta particles from fallout mateﬂ‘

e but will be assmned to be roughly comparable, in respect iy

sttrium 91 or Sr-00—Y-90.  Since the gamma dose at 8 depty

>uld not be significantly different from the surface gamma

to 1 for beta-gamma will be assumed at the basal layer of ty
LD

ent with sheep, using Sr-90—Y-90 plaques, showed that‘m
ues’ surface produced ulceration in 1 but not another of 2 Sheep!
nd, 1,000 rads delivered to tissue depth of 7 mg./em? from g
rer disk (type of animal not stated) produced tanning, prolongd
esquamation.) Sab e
nembered that the above discussion was first hused on surfece
es whereas the monitors will be making their gamma measure
it of 3 feet. Dast field experience has indicated that the gamm
uization-type survey meters at ground level is about 50 percest
3 feet. Therefore, if it be assumed that a ground level gamed
vey meter is equivalent to a surface dose rute, the ratio of bely
g./cm.? to gamma dose rate at 3 feet is about 200 to 1. .
ach to estimating the ratio of beta dose rate at 7 mg./cm! &
e at 3 fect Is as follows: Assuming a uniform distribution o
er square mile of gamma activity, the dose rate reading froa
s about 4.1 roentgens per hour.*  Caleulations given in apy €
a like cuncentration of fallout material will praoduce about 49
DT mg./em®  This suggests a beta to gamma ratio of abouﬁ.lﬁ
out a factor of 2 lower than the first approach.  Added SDDF_‘;
'thod of estimating beta doses Is found in appendix C. ;xfun
ations may be fraught with pitfalls. Tor example, the abom
s & uniform distribution of fallout material. Obviously ,ﬂlf-'.
how far this deviates from the facts and to what extent:_m
-sults is difficult to assess. Calculations indicate that - the pr¢
1izable beta burns from a single purticle requires a high spee
rriteria IIT for dixcussion.) It may well be, however, tha;.,t‘
ut are close enough to have overlapping of radiation ﬁelds;l.‘
tificantly lower specific activity of the particles to produce;é‘
wothesis has support in that even the most superficial beta burs
posed to fallout following the March 1, 1954, detonation she
flected rather than small individaal spots. On the other
res exposedd near the Nevada test site showed hurns over ares
ize of a quarter. Even though these may not have been P¢
»articles, they do represent less of an ared effeet than suggesﬂ"
Also, radioautographs of the fallout in areas outside the Neval
the occurrence of individual particles with nonoverlapping
However, in nearby areas where the fallont was relatis
a definite overlapping of the fields.

Rays on the Skin as a Function of the Fnargy, Intensity, and D““’g’_‘

riques, F, W. Laborgtory Investigation. Vol 1, No. 2. Summer I B

tuds of Experlinntally Produced Beta Tesions and Skin Lesions
Eushbaurh, €0 L spiildine, J, F. aml Hale, . B, LASL, Noyem

i o

sl 1

& Weapous, 1930,

N D
RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 221

; t should be stated that due to the particulate
with (;“;1 ll;;fxieintt“]'(:l?l‘glggfeb; possible to establish reasonable and operation-
ﬂvmr\e-u(;kul‘jle criteria that at the same time would guarantee that there ncver
v 1‘1 he an occurrence of a beta burn, ¢ about 106-200
! 4:“ were to accept the assumed beta to gamma dose rgites of about 1 2
e ~1<ur‘ed under the conditions given above), this might mean an infinity
vl (u:gl of 1000 to 2,000 reps to the basal laver of the epidermis when the
- d‘t}:llv inﬁnitv gauvlmn dose was 10 roentgens. Of course, the fallout mate-
e ; he removed before the infinity dose is delivered ; yet, on the other hand,
"'s{.mﬂ{t improbable that it could remain in the hair for essentially this length
{:inlﬂt In the case of a 1-hour fallout, alimost one-half of the dose would be

i (¢t 2
Mi-mr?l“l-l'le:nl(‘f- no(‘fx;‘-:u?(f):lll::.for collecting and holding the fallout material is
ﬂnjr;vr\r:l It is not surprising that the highest dose rate readings as well as
TI;:}vi;;'\l .nn'octs were noted on the hair of the na‘tives anq n]go onlp‘artF (;)ftlth(é
. “n:od heddy where perspiration was present. h_)rther. it was o hserve : a
e e layver of lizht cotton material was suflicient to protect agmnst et
"lmr:-;vw"é in most cases.®® This was due probably not to the _relntl.\'ely small
..‘,r.‘nni',ar‘i:q: of the betas by the clothing but rather to the physical sxtpzxti?q oi
"A:;lmn-: the padioaetive material at some distance from the skin, which effec

" we relatively large. . . . :
' ‘\1:1‘1:1['{11011 cunsiderutgion is the possihility of high beta dosesldeln ciﬁ(} tL(: poxrt
.‘:.mo*l froon the fallout material lying on the ground al}d ot 1er su . .fc l\.'huu
irhest degree of contamination considered under this pohq' Es 5:.1 e \ en
<ot contact with the skin, then the beta dose frnm' an et!uall) unnt.mn;\.xou-
.~ will not be hazardous. (See criteria III for discussion on pn‘e‘qu;‘l‘ c;nv
sminatim on personnel.) However, it _is tr}lc that the contuuxm.xt Il(; '1“:a_t
aeel the amount te deliver dose rates given in graph 11 an‘d yet no 3 :l At
ez to consider evacuation.  Some person'nel may l}ot go 1_ndoorsi al“* n’.;
i gid will eventnally be released from this restrictive action z‘m(f tﬂmfl :::”.g
wxlk aronad in a relatively highly contaminated area. BecﬂllSlL 9I lxcrqr
Taited ranwe of the beta, the location of greatest concern is the m:ru-t e;l_,. :t 10

tie report estimates a beta to gamma dosg rate ratio ot‘ nbou‘t éod ‘tll 'nl]con-
~utimeters above the ground. Under criteria I it was re(muluc'nllt 1;.3 con
vdtation be given to evacuation when the gamma dose rate re.)(};m: thlv fuet
i for example, about 6.2 roentgens per hour at II+3 hours. t'([;:]egtex:q' ()lt
would correspond to about 575 reps per hour of beta flt 10 C'ennlel wuixid o
it indoors, at least for a few hours. 1 ' es
Lat hialovically signiticant doses may be delivered to thg 'feet iyf nott 1:{0‘3?;(;[:1‘:.
in lesions were freguent on the bare feet of the natives ewcltn‘lrle] PR
‘ntle, This probably was a combination of beta dose from ma_ty]n o e
tound anel from that scuffed up over the bare feet and then cl;ug:u:g ]0 e
in, (No lesions were observed on the lottom of the feet, ur{dou J'l((lty(:lui"lr
Ye thivk epidermis.) It would be expected that normal f~lo.s(l'1d.-t.‘llfo ;'ho“fe‘ot
43 compared to open sandals) would afford a(‘lequ:xt.c [.u'uteg l()l'x Lo th » fect
“um such high beta doses as discussed here. There is sn'l! nov.;,,:h.;"u.l. s; hi‘o-
4 radintion from material on the ground will not dcln‘er .su,l'n I-h“'lloavod
sdical doses to the aunkles and perhaps lower legs, after pcrm_unel are Ir);ve fhe
“um staving indoors. For example, if the I:gta dose at 10 c(‘xltrx’rllelers"n v e
Feund i3 575 reps per hour at H+43 hours, it would be about 230 reps p
“hours Later and 160 reps per hour 6 lwursl l::}vr. of rad

e f S «ibility is the accumulation ad
e aikllt,:[:::,fi 11:1:\?:1}, l](-;,;..vq resulting from normal walking about the area.

Lsensse or eriteria 1 )

Duty :,:l(]I‘e]::lr()]::zl;zcN‘posurcs.——The work of Ilm}nqucs“ Sl'xggf-:stsrtlm.td nltl 111‘:?
“iih of 0.09 mm. in living porchine skin (maximum thickness © 10{.1 (:f t‘ix;)e
ST T 400+ 300 roentgen-equivalent-beta™ (delivered over short per (:l(usce [ Lime
¥ that they may be assumed to be lustantaneous) is required to pml‘»s rath:r
- 2bie trunsepidermal injury. The curve of hiological damage rise
x—

joactive material around
This

Study of Response of Humnn Reluge Accidentally Exposed to Signiicant

atle kite, .17, et &a]. May 1054,
e H;l‘nn, xﬁn?;m:‘uuw of the Relatlve Hazard of Beta ar W A
Produets,  Coud!it, R. 1., Dysen, J. I', and Lumb, LAl

i JEithedny

vl Garnmna Radiation from
S.ONDRDL e,
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sharply so that at a dose of just under 2,000 reps (at .60 mm.), the epidermlsm”
be expected to exfoliate and in the majority of ciases go on to Jdevelop Chro*
radiation dermatitis persisting for months, -
The preceding discussion suggests that, using the gamma dose rates lhﬁ
in these criteria, which are based on an estimated 10 roentgen infinity
does, as high as 2,000 reps might be delivered to the basal layer of the epid
over a period of time covered by the lifetime of the radioactive material, o
There have been instances where the calculated infinity gamma dose in grms
where personnel were present aronnd the Nevada test site have reached 12418
roentgens, but there have been no known cases of heta burns in these
The number of persons involved in these areas of hizhest contamination: yag
relatively small, perhaps a few dozen, atd with an observed duration of {allst
of about 1 hour it is possible that they were not in a position to receive thefuig
fallout. Likewise, minute areas of the «kin may have been so affected Yel nat
detected or reported. In other areas encompassing some 2.k peopie the infinity
gammn dose was about 8 roentgens and no instances of beta injury appeared
The estimated whole-hody gamma dose to natives evacuated from the islang
of Utirik following the March 1, 1954, detonation at the Pucitic Proving Gromd
was abour 15 roentgens for a period of about 3 days, but no beta burns appeared,
It is fair to assume here that direct contamination took place due to their mode
of living, including housing that was quite open to air currents.  Gamma dose
rite remlings were taken over the hodies of the natives at about Y1478 honrs
bath on the heach and after boarding the <hip. Omn the beach the personne
readings averagzed about 20 mr. per hour gannui chut this probably included some
contribution from the ground contamination), and after wading through the
and hoarding the ship the levels averaged 7 mr. per hour amma, e
The 18 natives on Sifo Istand, Allinginae Atoll, received an estimated whole
body ganmia dose of 75 roentgens in about 2! days. Of these, 14 later ex-
perienced ~light beta burng, 2, moderate buarns, and none showed epilation.:o:
In the case of the Rongelap natives, the estimated whale-body dose was abont
170 roentzens in about 2 days.  All 64 natives later experiencerd heta burns te
some degree from slight to severe, and over half of the natives showed epilation
from slight to severe, S0
The 16 natives from Rongelap evacuated directly by air to Kwajalein had
persennel gamma dose-rate levels generally S to 100 mr. per hour although
1 was as high as 240 mr. per hour and 1 as low a< 10 mr. per hour (at H4 abount
535 honesi, The rewmaining 48 natives evacuated by <hip were reported to hare
personnel readings that “averaged” 60 mr, per honr before decontaminatios.
The picture is further confused because some of the watives had bathed and
<aine had not before the arrival of the evacuation team, S
Most of the 28 United States service personnel stationed on Eniwetok Island
Rongerik Atoll, received about 40 to H0 roentgens, baced on film hadge readings
Three members of the group who were Leated for part of the time in anothet
section of the island were estimated to have received sompwhiat higher doses
Seveuteen of the twenty-eight personnel showed onlyv slizht, superficial lesion
with one questionable case of epilation, It should he painted out that the pes
<onnel were in metal buildings during «ome of the falleur time and for most_
the time thereafter until evacuation. This reduced the direet contamination'ss
well as the whole-hbody gamma dose. A film hadge hanging on the center Dol
of a tent at one end of the tsland read O8 roentzens. Calenlations bused on dose
rite readings at another part of the island indirnted somewhat lower doses,
personnel had remained In the open for the perind of tic.e from fallout
H+4-7.5 hours) to evacuation (at about IHH+34 hour<). Upon arrival at Ewl
lein 1 persunnel gamma dose rate reading was as high as 250 mr, per hour &
about 114-35 hours. B
The above data do suggest that there may be possible n rouzh brﬂ(‘ketlﬂg"f
gamuna-heta doges versus beta burns,  On the one hnd, the natives from
received an estimated whole-body gamma dose of 13 roentgens and showed M
evidence of beta burns.  On the other hand, the tatives on Xifo Island, Aflingios
Atoll, received about an estimated whole-body gammu dose of 775 roentgens,
14 personnel showing slight burns, 2, moderate burns, 2. no burns, 3 with m
ernte epilation, and 15 with no epilation.  In addiiton, Rongelap natives rec
1o veentees wholeebody samimn dese, arsd ahont 90 pereent showed some degret
of fesions ol 05 pereent somne degree of epilation,
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(a) The natives probably were out of doors and re-

under 2,000 reps (at 0.09 mm.), the epidermiiil ig to be recalled that: prob ore ¢ o1

. the majority of cases go on to degelop it ll:edsthe full fallout; (b) the oily hair, seminaked, per;lplxt'lngdb;rljgsi}::(fl.:};l(ilgg
‘or months. = A :'re feet. and lack of bathing for most, wou!d tend to m’{l e((*l ﬂn‘ Dol the ‘{dnya
zrests that, using the gamma dose rateg-JP f,[erial: (c) the time of delivery of essentially all otht e 05‘93“ -t-?nt iql"md ot
sed on an estimated 10 roentgen infinity,gy farther, it may be speculated that the fallout on tue nmrct.(‘];s e ;“;0 her
it be delivered to the basal layer of the epidllt § - ik (2bout 300 statute miles) would consist of elds fram these particlos

y the lifetime of the radioactive material. 8 ssps lesser_possibility of overlapping of radiation e“° ‘i‘) t] t,helunc(‘rt:li.nty
here the calculated infinity gamma dose iy Some of the relevant data are summarized in tﬂblgk . a ue]'(l). B e s
round the Nevada test site have reached 18 o the degree of exposure of personnel on Rougerl:‘ \.to t ]ﬁ (tl ﬂoc : (‘()m u r'i\‘i)lljﬁ
1 no known cases of beta burns in thegell ‘:ou[) is not included. It jis to be immediately emp. _.m-ze( 't l?.' ny Tnhl::.II.\\‘ill
ed in these areas of highest contaminatioh —sde or implied in the table are at th'e mqu Ol.ll_v semiquantitativ e.. e e
dozen, and with an observed duration of LSEEE ;referred to in criteria II1 and IV but is included here as a su ary

1at they were not in a position to receive thd ata discussed above.
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¢.—The data on animal exposures are less firm than
s ose for humans. Unmistakable beta burns occurred on cattle at Alamogordo

.., July 1945, on cattle at the Nevada Proving Groumds in spring 1952, and on
) pring 1938, (The skin damage observed on sheep in the spring 1953

pata on animal erposure

. eves D8
a3 DOt established to be beta burns.) However, the exact positions of the
< in relation to known amounts of fallout arc not clear.
vada Proving

« the last detonation of the spring 1952 series at th
srounds, about one-half of a herd of 150 head of cattle were found to have evi-
.oeof beta burns.  They were thougzht to have heen 15 to 20 miles from ground
" in Kawich Valley to the northeast and to have been exposed to fallout from

<t detonation.  Highest dose rate readines taken along a dirt road running
pwise through this valley intezrated to T) to 100 infinity gamma doses.
“puring  Upshot-Knothole, 16 horses showed skin lesions over the back, and
e damaze was noted in a few. The best evidence indicated that the horses
re some 10 to 12 miles to the east of around zero on March 17, 1954, where the
ut oceurred from the first detonation (about 15 KT on a 300-foot tower).

ation levels in this area are not known with certainty, but the fallout
oeurred inoa narrow band and was carried by retatively high velocity winds
hat it probably fell on the horses at a time less than 1 hour. If so, probably
e than one-half of the infinity dose was delivered during the next day.

3

v

“‘E::;
<ince the original discussion above was written, further consideration has
| 1o the work of Strandgvist and others ® on the eflect of fractionation
ivered to the skin and the onset of the ohserved results. It will be
. 10) that X-ray doses to the skin were fractionated in equal daily
d the biological effeets compared to a one-treatment dose. A log-log
{ duses versus days after initial treatment yields straight lines.

ically, this means that as doses are being delivered to the skin a certain
. of repair is taking place. The overall eflect might be that higher initial
1 fallout material might be aliowed than if one were to integrate the

a4 period of time without consideration for the repair.  Decause of

rence in shapes of the total beta dose curves for varying times of initial

ut versus Rtrandgvist X-ray curves the difference between the two curves
sanat e expressed as a simple relationship.

strandgvist quotes a 1,000 roentgen dose in 1 treatment to produce erxthema
“onz Xeravs (a2 somewhat smaller number than other data quoted above), 1,200
if divided into 2 equal daily doses, 1,450 roentgens I divided into 3

I daily doses, ete. Of course, there are differences between these X-ray
s anid beta doses from fallout material, such as differences in doses at increas-
codepth of tissue and the fact that the X-rays were delivered essentially as an
‘tantaneous dose at intervals of a day while the beta dose rates are assumed to
w the t=*% llowever, accepting the assumptions of blological equivalence
hese roentgen and beta doses and t—>?, one may then ask the question, “What
the beta dose rates at varying times after detonation that the contamination
urs such that the integrated doses to the skin will at no time equal Strandgvist

ve for erythema?”

i Fur carly fallout times the limiting factor will be to keep the first day's beta
s below 1,250 reps; for later times of initial fallout the tirst day dosc may be
o~s than 1,230 reps but subsequent accumulative doses may be greater than
>randgvist curve, A family of curves was prepired of beta dose rates versus
w fler contamination such that each would meet but not exceed Strandgvist
for erythema for times out to 40 days, then, based on the discussion con-
r Criteria I, a conversion factor of 125 was selected to convert beta
ta depth of 7 mg/cm? of tissue to gaming dose rates at 3 feet above
ne. These gamma dose rates are plotted in appendix C (a).

< all the assumptions that go into preparing this curve, then one
0t have to estimate the variable of how long the fallout material was in
twith the =kin, for the curve suggests that as long as the initial indicated
. ched, then erytl might t he expected to
o ostill does not give assurance that single hot

rates are
ver, this
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as a basis of developing criteria I1, :..:.m:%. there are twy further consgj,
tions: One, the interpretation of the data, and certainly the assumptiong mag,
in QE.ES;:W the curve in appengix ¢ (a) are open to discussion. Héo. K.Bo
aceepts the interpretationy and assumptions it meang a sufety factor of 2 Swm.
uot an unreasonable quantiry, N
Oupcrational \.\éi?.:‘,:l;..:.?ﬂ the criteria recommended ip criterin I, Fn.n..
would have been two occasions in the PSSt where personnel would have g.ﬂ.
quested to remain Indoors.  Onee was at Lincolu mine following the n
detonition of _:.y._:;._m_:.::;m. where they were so requested to remaijn Eeaﬂ
for 2 hours and the other oceasion would have been ot Riverside Cabing AU&E_-.,.
tion about 135) following the ninth detona:ion of the same series. The dose ra
reading at Lincoln mine Was 58 anr. per hoyr at H-+2. In the cnse of Riv,
Cabins, however, the radiological conditions Were not ascertained until aftep’
Lallout had occurred. The naximum infinity ganung dose in the latter CaBe we
12to 15 roentgens. LR
Personnel were requested to remain indoors (for abont 2 hours) mc=035n
ninth detonation of Upshot-Kuothaole, The higliest dose rite reading wag
mr. per hour at H4-4.5 hours. This is less than the current Fecommendationgxy

ry

finity gamma dose 15 2 1y 3 times greater than the 10 roentgeng which vag Useq
dery.

CRITERIA 11T, DECONTA MINATION OF PERSHNNEL, hd

Where it is not possible to monitor bersonnel outside of g feneral radis
field. it recommended that an estinnte be made of the degree of Dersonnd
Contamination by determining the location of the individual at the time'pe
fallout, In the event there j« Ulcertainty as to the validity of sueh an estimatp
the assumiption Will be made that the dudividual wis out-of-doors.  Ip E
aAreas where the infinity gamuy dose equuls or exceeds 10 rocntgens, it ig recom
mended that the individual be Wdvised to bathe andg to chance elothipg, a«ww

For personnel being monitored outside the general radiation field whe
personnel contamination eXists over relatively lurge avens of the exposed body
Cone-half square foout or more) : 4

When the reading of 3 Survey instrument held with the centor of the E.y
or center of the jonizatjon chamber 4 inches i the center of the s
taminated aren cquals or exceeds the values giver in wraph I, it is r . .
mended that personnel shall be advised ro bathe and to chinge ¢lothing, *

For personnel being monitared outside the general radiation tield, w]
bersonnel contamination exists over relatively small arcas of the exposed
(less than one-half a square ooty : :

The recommended maxinim values shaylj be one-half thase viven in
111, ,:::::E:n of the head, armx, Eands, lower lews, aml feet will”
considered as coming under this categury, Wyshj hiay be limited only}
the contaminated parts, and aiso g chanse or clothing may nog be EE.Q_.D
unless the radiation levels exceeds those <tated holoy coneerning monitoriog
of exterior surfaces of clothine, Lm.m

For personnel being monitored outside the genera) radiation field, and "fhe
contamination exists over only spots of exposed body (ahout the size of a hall
dollar or less) : ﬁ%

The recommended maxinmuym values shall be one-tifth those given in nnﬁ'
II1. Washing may be limited only to the contaminated parts, and E@u
change of clothing may not he indj ted unless the radiation levels mu.a&
those stated helow concerniny monitoring of exterior surfaces of n._c::umﬂ.

For bersonnel heing monitored antside the general riadiation tielq and-the
Coutamination exXists over ANy size area on the exterior surface only of’ i’
cinthine: )

The recommended values uidor these o aditions will he twice those give
Inzraph 111 The first recotnmendod action shall be to resort to such simpe
acts as brushing off the clothins, |r this action does not redice the radiatios
levels 1o twice those given i wraph 1 or less, then Personnel] sz—..—n

advised to ﬁ.:..:if.::::_n and to huthe, K
W g Eeneral contamingtior, ofa con MUNIY of the docree to prodoe
ted mmaximum theoreticeg] Infinity Samimi dose of 20 roentgens o
Toopersonnel who have been ont-of-doars gy Any time durine (e first 2
days ¥enerally moving aronmd in the arey LAs opposed 10 <y an act 8
walking only between g building andg a vehicle) shait be advised 1o brush off th
frotwear toutdoors), to bathe, and 1, change clothing us soon 48 nossible after
tho tinad retnry indoors each ¢ In wddition, rersonne] wWho o out-ng-doors 100

i s the divar 2 iy after sucha oo« 11 be advised
AUt afier e tigag Feidtn indoors caels day, and mor

ot
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se i= 2 {0 3 times greater than the 10 roentzens which vag
‘eloping eriteria 11 However, there are two further copg T
interpretation of the data, and certainly the assumptiong g
> curve in appentdix € (a) are open to discussion, Two,“‘jgm
pretations and assumptions it means a safety factor of ¢ to

ble quantity.,
t8ibility.—Under the criteria recommended in criteria 13, ﬂi’n
two vccasions in the past where personnel would have heen’

u imdoors. Ouee was at Lincoin mine following the i
shot-Knothole where they were so requested to remain

1e other occasinn would have been at Riverside Cabing (pay
lowing the ninth detonation of the same series. The dose.

1 mine was 580 mr. per hour at 1142, In the case of Riy,

he radiological conditinons were not ascertained until )
‘ed. The maximum intinity gamm dose in the latter ““e_,ﬁl

; <At
requested to remain indoors (for about 2 hours) following e

of Upshot-Knothole,  The highest dose rate reading wag
4.5 hours. This is less than the current n-counueudatiéﬁ'g
BRr .

RITERTA TI. DECONTAMINATION OF PERSONNEIL 7ol

possible to mionitor personnel outside of a general radiatiog
cuded that an estimate be made of the dezgree of perso
deiermining the location of the individual at the time of
nt there is uncertainty as to the validity of such an estima
I be made that the individonal was out-of-doors.  In thoss
inity zamma dose ciquals or exceeds 10 roentgzens, it is recom
tividual be advised to bathe and to chanwve clothing,  ° -
dne monitored outside the general radiation field where
ttion exists over relatively large areas of the exposed body
formore) : o
ding of a survey instrument held with the conter of the probe
e dunization chamber 4 inehes from the center of the con-
equitls or exceeds the values given in graph 111, it is recom-
Sontiel shall e advised 1o bathe and to change clothing,
ing monitored outside the general radintion field, whers
tian exists over relatively small arens of the exposed body
Riire foot) @ .
ded maximum valies shall be one-half those ziven in graph
¢oof the head, arms, hands, lower legs, and feet will be
ning under this categorv. Washing mayv he limited only to
P pares, and wi=o a change of clothing may not be indicated
fon levels exceeds those stated beluw cone erning monitoring
ces of elothine. .
& monitored outside the general radiation field, and the
over only spots of expused body fabont the size of a hﬂf

ed maximum values shall be one-fifth those given in gmpﬁ
1y Le limited only to the contaminated parts, and also 8
§may not be indicated unless the radiation levels exceed
T eonerning monitoring of exterior surfices of clothing.

Pmanitored outside the general radiation ficld and the
ver any size area on the exterior surfme only of the

«d values under these conditions will he twice those gives
first recornnended action shall be to resart to such simple
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“the elothing, 1f this action does not rodice the radiation
weogiven in graph 111 or less, then personnel shall b'
lothing and to bathe,
ntomination of o community of the decree to produce
1 theoretical infinity gamma dose of 20 roentgens of
have been aut-of-doors at any time during the first 2
‘tnz around in the area as oppesad to such an act 88
building and a vehiele) shall be advised ro brush off the
Litthe, and to change clothing as xoon as poxsible aftes
sach day. Inaddition, personnel who go ant-of-doors for
12 T 2alays after such a fallont <hall bhe advised
lesst alter the tinal return lndowrs cach day, and more

——— T s e .
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228 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN
Discussion <
Data vn humans.—In table 11 it was suggested that the relative averaggé".
ma dose rates from an iotinity contaminated field at 3 feet ahove the m
compared to that on the patives measured by a survey neter held close ty
body was:

110 mr./hr. L
————— ==27/1 (Ctirik Atoll)

41t mr./hr.
33 wir/hr.
1.300 mir. /hr.
SO Jhre,

=8/1 (Ailinginae Atoll)

3
=:16/1 (Rongelap Atoll) .:3
It is recognized that there are many uncertainties in estimating such /73
tionship by this means. Even if one assumes the dose rate readingy
taken accurately, the factors involved, especially in relation to the amom
material collected and retained on the bady, certainly are not constant,
hizher ratio at Rongelap Atoll wmizht have been due to a. physical phen
wlere the quantity of material fulling per unit area was so great that ff
neg retained so comnpletely on the body, Even if this explanation js accepted, iy
st remain many questions, b
Theoretical considerations indicate a zatima doxe yite ratio at 3 feet a
frnnitely contaminated tield to that at 4 inches from an equally contaminated
vl S-inch radius to be about 7010 cSee appendix 1)) L IE
The sizes of areas and distanees from the surfaces were sclected indep 3
of auy of the information en the fallout on the natives discussed above ajd
were estimates of areas of conimination and distances of nmnitorina
appeared to be reasonable estinnres of these parameters, The close agreen
Letween the gammea dose rate ratios based on theoretical considerations and?
ohserved with the natives is cincums=tantial.  For exinuple, an equally co
mted area of 3-inch radins wonhi vield a theoretionl gamma dose rate el
3 times lexx than the selected area of Ginch radius, In the case of the natiig
however. it is believed that ther were seminnked, perspiring, and out-of- o
daring the fallout, so that it ix not nnreasonnble to expeet relatively large
of the bady to be contaminated.  In faet, this was neted when they were
tored. Iy their acts of wilking aronnd doring the period of fatlent and sk
en omats that were heavily contancnated it wonld seewm possible that si

areas of the bodies of the Ailing and Ttirik natives could te as heavily
ti wtes] asow the ground. It is unkuown if there were sufficient wigli

that micht have raised the materal frow the ground to the hody after falled
occurred. ) . b L

There ix further uncertainiy of what is meant by the monitor's rep(ﬂ!.‘
“average” personnel veadinzgs, T doxe rate readings in the hair are known®
hiave been significantly hizher thun the rest of the body in st cases, ';l‘t'.
unktirnwn how these reudin were avernyed.” ‘.:‘l'.

Whereas these data certainly wre not tirtn enongh for one to place ﬂ‘
confidence in the precise quantities of the ratios of 741 or 8/1, they do in ,
the obvious fallacy of accepting o Woroentzen intinity doxe based on
doxe rates measured on personnel citside the radintion tield.  For exampl B
nntives from Ailinginae showed persoamel dose rates readines that would 899‘“’
e O roentzens (gamma) in 20 davs and Yet <Kin danase to sotpae degx‘eeﬂ’
evident in 14 onut of 16 of the per<ounel. On the other hand, the natives fre®
Utirik <howed no skin damave, woh an estimated 22 roenteens in 214°
based au gamma dose rates neasoed on personnel, The uncertainty of f”
data was discussed under eriterin 1L They do suggest, however, that it ‘e
contamination of @ relatively tarae aren of the exposed hody produces Jess
1 roentoen infinite gamut dose o neeasnred byvoa osurvey meter held 4 inches
from the surfaee there is oo e srobability that beta burns will not 1
(Sew alsodiscussion under eriteria 11

{tase s Drom small sourecs. —Whe the e dose rate reading 1= produced {“
given heizht above a surface from o siatler aren, the ameonnt of contaming
per o e v preater tethier oo es beine equidy, Thepefore, it would
el b e ee the o Toee rnte bevels when bt ey small arﬂi
are Lnoooseds 10 s reoos Ly spot B

Tt poedialion Trom wnndher e
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tble I it was suggested 1 i »
thle 11 suggested that the reiat
afinity contaminated field at 3 fec-é lal!r(fv:vf;:“m

natives measured by a survey meter held cloge q,&l
110 mr/hr. E
15 mr/hr. =7/1 (Utirik Atoll) e

410 mr./hr.
o3 nn'./hr.is/l (Ailinginae Atoll)

_]_,300 mr./hr.
S0 “”._/m;'s](‘./l (Rongelap Atoll)

re are many uncertainties in estimating 2
l;\‘(fn it one assumes the «logah:}:’l’t]timrbeas:]liib I_RI
iy iuvolved, especially in relation to the a; e
tined on the body, certainly are not constam Y
.to.n nmight have been due to g physical ph nt?
crial falling per unit area \ms' S0 gre'ltpthmt‘:
tthe body, Evenif this explantion is ;lccepged.uﬁ::

:'mtilli(-:tlrot:; famma dose rate ratio at 3 feet al;?;n
othat at tinches fr an eiqually ¢ i ¢
o thalat “m)m““xﬁ]({l;n an equally umtammat@&dd
tanees from the surfaces were selee i deﬂ‘;" y
on the fallout an the n:\(i\f‘:‘d];:(fg(\'lﬁé?id:%en |
contimination and distances of l'n:mitori(t)nvet:d
sflln{ll('h‘ of these parameters, The close a remg';' t
* vatios based on theoretical (':msidor:lti(;ns i;gndﬂlmg
; ('ll'(’lllllsf:lllli:ll. For example, an cqually contami-
would yield a theoretical gamma dose r:at nearly
d area of G-ineh radius, 1In the case (.)f theenatim
f!wy were seminaked, perspiring V:md out-of-doors
N net unreasonable to expect rol:l'tively large'—liul
u] .Iu fact, t}blis was noted when they were monl-
& around during the period of fallout and sleeping
mtaminated it would seem possible that significant
’xngm:u- and Utirik natives could be as heag?lyb
d. 1}( s unknown if there were sufficient wlﬂl
iterial from the ground to the bm]y after fallos

t.\-’ ‘nf whit is meant by the nmnito.r's report of
) 111:1.:-“11;".:':‘- rate readings in the hair are knows to
T ";1\-1-1';1;:[[-(&‘?' of the body in most cases.” It is
n!y_ are not firm enouzh for one to place w
tities of the ratios of 7/1 or &/1 they I:]o indieate
ing a 10-roentoen infinity dose 'h:wod on ganms
;no? '«fulsi(h- the radiation field, 1“1;1‘ example, ‘e
2[]:} l(?;‘[’i‘l'-“"] !]“.\':" .l‘:lt(;:% readings that would approxk

' ¥Ncad ver skin damage to sallle degree was
)u-r.«fnn(‘l. On the other hand, the natives from
eoowith an estimated 2.2 roentgons i.n 215 dayt
casired on persaunel, The uncertainty of these
eriae 11, They do suggest, however, that if the
Arze aren of the exposed body prodincees Jess thad
¢ous measured by onosurvey meter held 4 incbes
|"r]:;:l<-l];u]‘uh:lllili{y that beti burns will not resut
Vhen the same dose rate reading Is produced at 8
H.l‘.'i iLsmaller area, the amaount of contaminatiot
‘,l':,‘ Y;"\ lu')‘ll: equaly. Therefore, it would seed

ol th-.l:mr leveds when relativelyv sinnll aress

that rddition from quother nearby spot maf
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to the survey meter reading when monitoring a small area on person-
yis hus not heen trken into account, first, because of the dithculty of
a prior appraisal of this variable factor and, second, whatever this

gribute
vut 1l

J-ablishing

_-ribution may Le it will now become an added safety factor.

" of course, the problem is still complex, because when considering smaller and
as the eventual end point is a single particle. An estimate of beta

- aller are

1: at the surface of an imaginary sphere surrounding a fallout particle is
pendix E and an estimate of beta doses frowm a single particle required
recognizable erythema is presented in appendix I, Calenlations indi-
-+ that the specitie activity of some individual particles found in fallout would
. ereat enough tu produce recognizable erythema if held in contact with the
Lo for less than 1 day, yet the gamma dose rate realing at 4 inches may be
. qtively small.  (See appendix G.)
" yiditienal information on doses from individual particles has recently been
,,;mﬁed"' The particles found in and around Hanford consisted principally of
e radinisotopes, Ru-103, Ru-106, and its daughter Rh-106. The data and
sulations in appendix H also strongly indicate that a single fallout particle
wiid produce a recognizable erythema.

rontamination of clothing.—In the case of contamination of clothing, hizher
e rates might be tolerated than those for exposed purts of the body. This
.z exemplified in the natives where no beta burns were ohserved under clothing
s e moest highly contaminated personnel.  (This does not include such areas us
~lor the waist line where material apparently collected and was held in place.)
o the other hand, very large inereases in contamination should not be talerated
coee it is possible for the clothing to be rearranged so as to bring the contams-
~ared surface in contact with the skin, Further, it is not unlikely that one
—s¢ rub lis hands over his clothing and then through the hair where the mate-
-a] eould be held in place for relatively long perinds of time.

Beta rposure to the hands.—A further consideration is the bet

25 resulting from handling objects contaminated with fallout material.  Al-
el some data are available on beta burns from handling radioactive objects,
<o vonditions are so different from those associated with fallour that compari-
+ 3 probably would not he valid.®

12 the above assumptions and calculations are correct concerning containina-
“onaf @ weneral area from fatlout, then the transfer of all the ridionetive wmate-
tr e hunds from an object of equal area would not constitute a hazarid,
Tus, opee might consider using as criteria for monitoring objects, the dose reid-
s given above for monitoring personnel outside the weneral radiation tield,
vever. the proliem is more complex, since the hands may come into contiaet
b contaminated surfaces many times larger in area than the hands, with an
tdetermined percentage of activity being transferred to the hands.  Of course,
n added uncertainty is the frequencey of washing of the hands and/or the rub-
zoff of the material from the hands.

Further, one might speculate that a given surface could have significantly
Caher contamination than the general area and that the handling of such a sur-
e conld constitute a greater risk.  This might be true hecause of the greater
Mt of activity transferred to the hands or hecause of the doses delivered
g the time of actually handling the object. The uneertainty of the percent-
of transfor of material has been mentioned.  One uncertuinty in the second
¢ thie length of time the object would be handled,
<ol ton calenlszions in appendixes B and D, when an ohject is held inoa hand,
tronah estimate of the ratio of dose rates of beta to the basal jayer of the epider-
Lo that of the zumma reading on a survey meter held 4 inches away from an
“ert @ inehes In radious ovutside a general radiation field) might he 5.000 1o
qwendix 1), Thus, if this object were contaminated with the same activity
~Tunit area that would produce an infinity 10-roentgen whole-hody gamma daose
2un weneral contamination of the aren, it would produce about 50 mr. per hour
Sonma e 4 incehes sway ot 21 hours, and aboat 200 veps per Lhaur at a depth
w the jalms of the bands have an approximate epidermal
‘em.t the bheta dose to the basal layver would be abont 170

cen inap
. I\rodllﬂ‘
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reps per honr, (The time of -1 w
nitude of dose Fates.) I gne assunres thar the decay js according to =
the total bety dose to the basal layer of the epiderwiy of the hand ip th
10 hours wonlg be aboue 3oy reps,

Whereas the above estimates do not
serious broblem mayv come when the contamination ig Just less than that.
evacuation ig indicated, For €Ximple, the contamination of the genery;
may be 5 or ¢ times that used as an illnstration in the Dreceding Darag
without evicuition being recommende, Thus, beta doge rates from hay
ohjects, especially in times soon after tallour, be high enough to he 2 prg
A siimple and eXpedient procedare o reduce this factor jy frequent washj
the hands after handli T ubjects that were in the fallout. e

Leta cxposure to the fect apg loicer legs—1It wag suggested in criterig Iy
norm:il A._:z..;.ﬁ:_c footwear (as compared to sch ax open sandals) would:
ably afforq adequate Drotection against signiticant |y ISes to the mmm"..“
fallout material on the ground. Thepe jg Still the added broblem jf the mg
be scuffeq up and eling 1 the ankles a1y lower legs. 1f there were no Enﬁ
ing clothing, op perhaps even with thiy Stockings or Socks, this niight p, :
significant biologiceng beta doseg being delivered o these papts For exam
the gammg dose rate reading at H-3 houps Were Somcething logg than 5 ro

ber hour, evacuation wonlg not bhe imlicated, :::4.;..._.. for fallout mate
the same concentration iy contiet with the skip the beta dose ritte at 7 mg.)
would be abogt 600 reps ber hour,  Rep avperdix 1By, ‘Numably, person
Wonld he kept indoors fur 3 few hours, Ly hon release the avproximate betgh
riles gt 7 mLsem® would he 260 reps ber hour 3 hypy Iater, or 919 re
hour 6 hiours later, 1y addition, there is the Variahle fact,y of what concentr,
of fallont material may aceumnlate jn t)e ankle resign hy wWalking around an; B

A concentration of fallour material on e Hoound thar waylg result in gl
20 roentgens maximum thearetjen] intinity Ritnmn dose jf in contaet with’¥
sKin, wongg result in a hery g Se rate to the batsied layer of thie skin of aboufzg
those indicategd in the Dprevious parg graph,

8 selected to shgy about the highe

indicate an alarming m::::oF 2

CEITERTA Iv, 2:./.:,.::,/.:. AXND :—H.:VQ..’/:./,».;::./4 O Moron VEHICLES ,

It is recommended that when the predicted f
will he equivalent t) 4 1-roentgen intinity Bl dose op hizher, vehicle;
held untjp after the actual fallont has ex entinlly ¢ utsed, They should be
wiarned to broceed witp Windowy and air vepge ciosed, ang the ears should
monitored after pa Ing thronsh the Contaming; el arca, Whey 5 10 10 rodM

@llout acrasy g main highyk:

gens gre predicted ACTOSS o main _:n__:.:.ﬁ velicles should be warned tg procég
With windows gnq air veuts closed g Shonld be 1 nitoreq after passing throy
the contaminaeq area. uT::,?:._.:n and warnjpes shonld he continued EH,—_
there is reasonalie holjef that o gr very few additiong) veliicles win exceed the
vilues given ingraph v,

5
ide n vehicia, or taken over any muamn&

quals or exXceeds the values givey in graph Iv;
the vehicle shall he cleaned ingide and outsjde, Exrerior gy 1S to he monitored
shonld incluge the wheels ang inder parts of the fendery but not the under car-
riage, The survey meter should be held E;;ci:::..w.... 4 inches from any surfacé

s

2

When the dose rate reading taken ins
Aren that ig readily aceessilile, ¢

o
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ime of 114-1 was selected to show about the lligh%t.m‘.
It one assumes that the decay is according to t—2
the basal layer of the epiderwis of the hand in the'i)m
320 reps. e
>stimates do not Indicate an alarming situation, g
e when the contamination is just less than that )
I. For example, the contamination of the genera) .
hat used as an itlustration in the preceding paragl}a
ng recommended.  Thus, beta dose rates from handl
e soon after tallout, may be high enough to be a proble
U procedure to reduce this factor is frequent \\'ashixig"d
fubjects that were in the fallout. Ca
feet and loicer legs.—It was suggested in criteria I that
wear (as compared to such as open sandals) would -prob-
rotection against significant beta doses 10 the feet from
ground. There is still the added problem if the material
to the ankles and lower legs. If there were no interven.
+ even with thin stockings or socks, this might resulf ip
ta doses being delivered to these parts. FFor exump_lé}u
wding at H=3 hours were something less than 5 roentgens
ulid not be indicated. Hawever, for fallout material of
in contact with the xkin the beta dose rite at 7 mg./em!
s per hour. (See appendix By Presnmably, personnel
1 a few hours, but upoen release the approximate beta dose
ud be 260 reps per hour 3 hours Ianter, or 210 reps per
ddition, there is the variable factor of what concentration
ceumulile in the ankie region by walking around an area.
[lout material on the ground that would result in abdut
theoretical infinity gamma dose if in contact with the
el doxe rate to the basal layer of the skin of about 174
vious paragraph, vy

i

FORING AND DECONTAMINATION OF MOTOR VEITICLES . -

at when the predicted fallont across a main highway
10roentgen infinity gamma dose or hizher, vebicles be
al fallout has essentially ceaxed. They should be then
windows and air vents closed, and the cars should be
through the contaminated area. When 5 to 10 roent-
a main hichway, vehicles should be warned to proceed
1= closed and should be monitored after passing through
Maonitoring and warnings should be continued untd
that no or very few additional vehicles will exeeed the

ing taken inside a vehicle, or taken over any exterlor
sxible, equals or exceeds the values given in graph Iv,
et inside and outside.  Exterior areas to he monitored
cand under parts of the fenders but not the under car
should be beld approximately 4 inches from any surface.

S,
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Meussion N
n the past, fallout has occurred across high\\'u:\'s in' slgmﬂf‘ﬂnt quantities.
5% IV b below indicates some pertinent data during Upshot-Knothole.

TapLE IV-B

: ':No.:

T

aly

Approx-
Tmte
yicld
(KT)

Fstimated
dos rate
{ reading of
hipghwsay
At time of

fullout
(nr.;hir.)

Lacation

Approx-

imate

distance

from

ground reeo

(niles)

v
2

323 Ju

|

30 miks sonth of Alamo on
Highway No. 3.
1 mile north of £t. Qcorge,

netion of U, A, Highway
No. v1 and Nevada High-
way No. 40,

60 | 20 nlles nocthwest Glendale,

w3

Nev, on Highway No. 93
west of Mesquite,
Nev,, Righway No. 91,

1 ey 130 nfles north Glendale on

IHyhway No. 93,
it George, Utah, Highway

oW

130

1]
130




4
‘.
¢
?

EFFECTS ON MAN

RADIOACTIVE FALLOUT AND ITs

oad blocks were established on Hizhways 93 and 91 following Shotg‘Nu!
and 9 of Upshot-Knothole. The highest reading on a privite uutumobne'.
100 mr./hr. (gamma) inside and 110 mr./hr. outside at 14-3% honrs.  Abop
cars were washed (roughly one-cighth of the total monitored). All of the g
that were washed, except the one mentioned ahove, had outside dose rate resd.
ings less than half of the highest. The ratio of dose rate readings on the,
side of the car to inside varied from unity to abont 4.1, Probably one of.
jmportant factors here is the difference between driving with windows and/.
ventilators opetied or closed. [
Omne bus read 230 mr. per hour outside and average of 100 mr. per hour ingigy
with a high inxside reading over the rear seat of 1O wr, per hour at 1H4-8%; hopy
Considering the wamount of time one normally spends in an automobile, theg
dose rates do not necessarily represent a health hazard jn terms of gamma dogey
What is probably a more limiting factor is the direct contamination one migh
aciquire by rubbing against the outside of the car, especially when changing y
Lire. S
It is assumed that monitoring will bhe accomplishied outside a general radia
field. Theoretieal ealculations (appeundix Dy indicate thar gamia dose rate reag.
ings taken at 4 inches from a surctace will be 51 percent, -2 percent, and 27 per
cent of those by a meter at 3 feet above an equally contaminated infinite field
when the radii of contamination ave resjectively 3 feet, 2 feet, and 1 foot., #4
These data snggest that when the mannna dose rate reading at 4 inches fm‘
a generally contaminated ear is about one-half that tor an infinite plane taken at
Loreet, the degree of contamination per unit avea will be abont equal; and whea
ihe wheels are being monitored 15 to 19 of @ gamua dose rate reading wil
represent equivalent contamination (depending on the gamma contribution from
the body of the contumimited vehicley,
Another factor to he considered i= that the probability of collecting fallout ma.
torial on the body from a generally contaminated area in which one lives is
creater than from one's automobile. On the other hamd, it has heen noted in the
st that signiticantly higher amounts of contatmination have beert found on the
tires and under parts of fenders than on the remainder of the car. (Undoobt-
edly, this is a <imple phenomenon of picking nne the tivity from the highway.)
1: one were to change a heavily contaminated tire, signiticant anounts of radio-
active material might accumulate on the hawds, amd later be transferred to the
Latir or eyes by a simple rubbing of the hinnds over those parts, ‘
A comparison might he made here hetween recommended mwaximnm dose rates
found on personnel and the estalilishing of vels of aetivity for auntomobiles
There iz one obvious difference, howewver s fu the first cas=e the material is
clresdy on the person while in the second case one has to introdnee the factor
of probahility of transfer of contanination and to what degree) from the car
T the by, e
The dose riates (measured as stated) in groph IV would repre~ent about equ‘l
contamination per unit area for a care as fo0 an intinite plane iU the car were
rather uniformly contiminated.  If the activity were confined. suy, princi
to the tives and under parts of the fenders, tiie doxe rite readings might repre
sent nearly twice the degree of contamination,  One mast weizh this condition
with the probability that a tive will be chanced before he netivity has decreased
sivnificanty. L
A given dose rate reading inside a vehicle may represent less contamination
per unit area dne to the contribution of ot radiation from the exterior
of the vebicle. On the other hand, contmnization within a velicle would more
probably he pieked up by personnel than it it were on ihe autside.  Further, itls
recognized that significantly high concentrcions of radicactive fallont may 8¢
cumulate in such parts as the air Hlters of an antowobile. Acain, this bhas
be weighted against the prolechility that thes will he handled before the aetivif
has decrensed to low levels plas the et that it i relatively diticalt to monifof
sich pairts on 2 mass hasis, The nncertainsies present in estimating possi
hazards from vehicle contaminatiog wonlbl ot justify fine distinefions in mo
toring the various parts. A thoronsh cleanin g, inside and ontside, would appear
to be the best solution. e
One of the obvious wags to aveid much of the probiem discussed in criteriod
IV is to prevent vehicles entering an area oJ:ring 1he time of fallouwt. This Wi
not prevent the first vehicles passing throch trom piceking up aefivity on the
Cpes frong Chie bdmioe Lo TE i< b el aed Toneter, this will ot eonstitate such 8
Coontdesome proldein el past exjeerience Los indicated that the netivity foul
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duh;:d on Hizhways 83 and 91 followine sh
e. The highest reading on a hrivate !lltl.to OwNpl'
de and !10 mr./hr. outside at H4-314 hoursmObne‘-
Ix one-eighth of the total mmliturod] All 'ofAboyga
thg one mentioned above, had nutsid‘e (iose the;‘
hxghest. The ratio of dose rate readings omte P
s':tlrled_ from unity to about 4,1. Probably (:]n:hqft
.\‘i‘nl](? difference between driving with \\'iuilows and/':
't our outside and average of 100 mr per ho 3‘4
u\or.the rear scat of 140 mr, per hour ;1( II+8ur \
of time oune normatly spends in an -'\utumobi:i4 founy
l__v represent a health hazard in terms of t;amme’"
limiting f:l_vtnr is the direct contamination ona%j
‘t the outside of the car, especially when chaggin?:

{?;l}]fa“\m l.]eb nci(-())mplished ont=ide a general radmg;l
‘s (appendix D) indicate that g; : S )
u a surface will be i1 percent, -l;;‘:::f:'l('t'::;)bg;gtg'lrm
atr 3. feet above an equally contaminnted 'inﬁnit
nation itre resjectively 3 feet, 2 feet, amd 1 f e?“
\\'hgh the gamma dose rate reading 'nt 4 inchOOtt"
4r s _;n!mut one-half that for an intinite pliane tﬁ =
uibation per unit avea will be about equal ; snld-mll:‘t
it ru(]‘ o to 34 of a gamma dose rate réadinw i
miiration (depending on the gamma contributi o
1ted vehicle). ution from
sidered is that the probability of collecting falloﬁf‘in
:-'ne_rully contaminated arca in \\'hivhanne lives:l.
cuohile. On the other hand, it has been noted in th
er amounts of contamination have heen found on the
‘wiers than on the remainder of the car (Undoubte
:1L§Anun of I»i‘:king up the activiry from t!.:e highway. ).
avily contanminated tire, significant amounts of radi;)-
u._nl':ue ou the hands, and later be transferred to th
albing of the hands over those parts ; *
wade ]wn_- l-z.-l\\'vvn recomuended 111:1xil.nnm dose rates
e extablishing of levels of activity for automobiles.
refice, howewver: in the first caxe the mnaterial s
(; ..n the ft-rnl_ul citse one has to introduce the factor
oeatitimination (amd to what degree) from the ear
o bleeT

I' :‘.:‘ stated) in graph IV wonld represent about ehrul
dInroa cdr as for an infinite plane if the car were
‘l If the activity were cantined, say, prineipally
N -.rllhe f('lul't‘l'.\', the doxe rate readings ;ni"ht repre
v ol contataination.  Oue must weigh Ihisbcondiﬁon
.re will be changed before Le activity ll.‘lb: decreased

T :r1>_i<19 a vehicle may represent less (-(»xlt‘lmiliﬂﬁbh
ntribution of ganuna radiation from thé exterior
'— hand, 1;4nz:r:.u.n'iu:mfm within a vehicle would more
f\;HF.l.l;cl than if it were on the outside.  Further, it #
:,A.l,_ 1L cotr entritions of radioactive fallout may ac
:..»‘l .:lllrﬂlll't%'s‘ of un antomohile,  Again, this has to
1|“r‘1'lhr[]':u[1}'lfr I';li‘\' will be handled before the activity
 The [4 t‘ I‘.lt.l[.l\' rcl:ntn‘yl,\' difficult to monitor
- Ahe mneertainties present in estimating possible
Lo \\wv-u!vl hot justify fine distinetions in monk
orauzh cleaning, inside ami outside, wul.tld appeat

caveid muuch of the problem diseussed in criterion
i an wreis during the time of fallont. This will
v“m:l:}_]runuh frome picking up netivity on the
benevel hewever, this will -yt constitute sueh &
Tounpericnoe bas lwlicated that the acivity found

carther, 1
T yof the passenger:
’ ,,,,nru!imml feasil

_ger the recommendations given in eriteria 1V,
pably none of the «
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. qlie tives noticeally Jdecreuwsed after several cars had passed over the highway,
i if vehicles are not preseut in the fallout it will lielp reduce contignina-
s nnd of the insides of the vehicles.

ility.—In the past, the criteria used for washing cars has
1 7 mr./per hour, and at a later time 20 mr./per hour (gamma), inside a
1e. 'This resulted in washing about 79 cars (roughly one-eighth of the total

itored) Tollowing the seventh and ninth detonations of Upshot-Knothole.
the bus mentioned above, but

ars, would have been washed.

Tpe dat given in graph IV-b indicate that if these radiation levels given had
. predicted before the fallout. Highways Nos. 91 and 93 would have been
<ol prior to the fallont from the seventh detonation and possibly Highway

w3 for the ninth detanation,
CRITERIA V. CONTAMINATION OF WATER, AIR, AND FOODBSTUFFS

a where the theoretical gamma infinity dose exceeds 10 roentgens,
pnate saumpling of the water. air, and foodstaffs should be mmade to ascertain
cemditions of possible contamination, Dased on past data, however, it is not
spected that under those condizions of fallout, where the radiation levels ave
Lo those stipulated for possilile evacnation, that the degree of contamination
St he o health hazard. (Nor iz it implied here that any level above this does
aiture a serious contamination of water, air, or foodstuffs.) Therefore, it is

smmended that no action be taken in regard to limiting intake except to
« the washing off of such exjr=ed foods as leafy vegetables when that action

I any are

woenis dexirable.
DS sion

Wats r—Table VI-A lists the six locations havinz the highest coneentrations of
er sonrees during Upshot-Knothole, and for comparative

‘winn products inowat
1 theoretical maximum gamma intinity doses,

irpeses the estimaled externa

TaBlLE VI-A

Conceentration Fxternal
(nicrocurles theoretical
per wmilililer maimum
Lovality eatrapolnted whnleholdy
to 3 days after pammn
detonntion) Infiniry dose
rocntyzensy
son Rover drcipation eanal, Nevada oo | 871108 60
Srem datehn o6 miles norin of Plocic, Ny . 4.5x 100 L18
«r Pahr wat Lake, Novoooooaooo .. 42 x 10 2.1
AMesquite, Ny, - Q4 x In-s 25
CONev, tap water - 12y in e ~n
Springs, Neve (tup walef) o aeaneieneeons 1.1 x 10°¢ .15

rays by buildings, the whole-

Due to weather and to attenuation of the gamma
ibly clozer

S g dose estimated to Live been aetually deliverved was prob
oone-half of the values shown

The maximum permissible concentr
S loge/mll extrapolated to 3 days alter detonation,
“ife coneentration for continucts consumption.

Whepens, the monitoring of water sourcees is of vialue for documentary purposes
“should be recognized that tie copeentrations found ny vary widely within
“all geographical areas and oven at the same locazion at different times (1aking

o aecount radioactive deesy . Thog, confidence cannot be placed in previse
Jdes, Pahle VI-A sugpests 12t even if one were to hive stored up the water
“ved at Viegin River Irrigation Canal and subsi<ted entively on this for a life-
11»!“. the concentration would e

ation of fixsion products in drinking water
This is considered a

ahout B8 times less than the maximum perimis-
e amount. Normal factars «f dilution hy adlitional rainfall and/or by the
MY Gf Jesser contaminated ground witter wonld be expected to reduee the Tevel
Daetivity,
"= Considerable effort b
e radionctive nererinls, i
Swered probletes includ

1 ix heing menle to evaluate hazipds from air-
There nre coptainly many
o o~incle particle in

L tission prodiets,
o othe possible hoomrd from

P3LHY —57—pt 1——14
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the lungs. Despite the uncertaintics and as vet {ncomplete analysis of thy
halation hazard, the preponderance of evidence today is that the external gam
hazard from fallout is the more limiting factory of the two.18 (Howevuh
discussion on food contamination.) "
During Upshot-Knathole quite complete data were collected of concen
of airborne activity on about 150 occaslons in some 40 different localities wf
200 1miles of the Nevada I'roving Grounds. These included monitoring oF;
detonations. Histograms were made of air concentrations versus time iy
detonation for 30 occasions and estimates were made of doses to the lungs. -
data for the five communities showing the highest air concentration are gfv&‘h
Table VI-B. The histogram for St. George (the highest 24-hour average
tration of fallout ever measured in a populated area) is reproduced in appe@d%x;.

&

TanLe VI-n }r
!
Dose to lungs R &
24-hour averaga | (13 wecks) based Theoreting
concentratiorn on 20 percent
Locality (microciries deporitton whol
per cubi¢ and 100 per- £omma 1-mpek
meter) cent retention | dose
thereafter . ; b
(mreps)! -
St. George, Utah L | 1.29 130
Lineoln Mine, Nev. 4.0 101 12
Mesquite, Nev_o_. .. 1.7 Xt 13
Girooin Mine, Nev_. 3.4 Xi-? 7
Pioche, Nev. oo iiiiaaaas 2.0 X1y~ 3

1 The method used in esthinating doses te the lungs Is given in sppendix K.

The criteria previously established by an Ad Hoe Jangle Feasibility Commit-
tee (Washington, D. ., July 13, 1U51), for air concentrations were— £

“At a point of human habitation, the activity of rudioactive particles in the
atmosphere, averaged over a period of 24 bours, shall be limited to 100 micre
curies per cubic meter of air (corresponding approximately to a ground le'rd
gamma intensity of 30 mr. per hour). .

“The 24-hour average radioactivity per cubic meter of air, due to suspended
particles having diameters in the range 0 micron to 5.0 wmicrons, shall not exceed
oue-hundredth of the above; nor is it desirable that any individual particle
this size range have an activity greater than 10-* microcuries calculated 4 hours
after the blast.” [

1n the January 20, 1954, meeting of the ad hoc committee the basis for recom
mending the above air conicentrations was discussed. Issentially, these criteris
was selected by estimating the gamma dose that might be delivered by the pase
ing of a radioactive cloud. Since there are better methods of estimating gamms
dvses and since there are uncertainties in evaluating the hazards of such transt
tory air concentrations as experienced from fallout, and since the preponderance
of evidence from past nuclear test series indicates that the external gamms
hazard is more limiting than the inhalation one, it was recommended in the
Jauuary 20, 1954, meeting to strike from the record the past recommendations
for maximum permissible air concentrations. It was recommended that an aif
monitoring program be continued for docuimentary purposes and for whatevet
vitlue the data might bave in the future when new analyses might be made in the
light of additional knowledge. ;

A further discussion of the single particle problem may be made. In arriving
at the recommendation” * * * uor is it desirable that any individual particle 1#
this size range have activity greater than 10~ microcuries ealeulated 4 hours aftef
the blast” a computation was made that the average radiation dose from
4 particle to a sphere one-half & millimeter in radius would be 383 rops.™  How
ever, the conclusions may be misleading. In the case of a single particle, rels
tively large doses are delivered near the particle and small doses at a gred
distance. Appendix L suggests one possible estimate of this phenomenon, The

# A4 hoe commitiee meeting. Wastington, D). (7. Jan. 20 1654, s
T NLnutes, Meoting of Canundttee to Consider the Feesibility and Condltions For
Preliinary Rudlologle Safety Shot for Jungle. LASL. Muy 21-22, 1951,
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TagpLe VI-B

Dose to lungs

24-hour average | (13 w ccks) bas oretled "

concentration on 20 pc)rcented “mmm“

(m icrocuries deposition 'hob-bdy?

per cubio and 100 per- gamma .

meter) cent retention | dose (mm
thereafter Tad

(mreps)! 0&?.

:r.‘l-

loses te the lungs Is given in appendix K. Fo}w
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plol'® invelved liere are many and difficult to evaluate. Tor example, how
. particle rewmain in one place in the lung and what doxe will be delivered
. that time? _ ) )
- peen suggested that in the upper respiratory passage 20-micron dinmeter

. are the upper limit of size for deposition and that “Cilia sweep 4 to G

Toh

p.er <econd,  The probabitity of a particle remaining within 1 millimeter

for s Inuch as one-half hour appears to be vauishing small. * * * Profee-
.;-m atso be provided by the mucus lining which is itself renewed several
Can hour.”  Accepting the estimates albove aml the methods illustrated in
cos 15 and 1Y, it may be computed that abour 8 reps would he delivered
arface of an imaginary stationary sphiere 1 millimeter in rivdins by a 29-
-4 particle (0.5 microcuric) in 30 minufes tappendix L. Larger doses
i delivered closer to the particle but with the relatively rapid movement

2 purticle, it does not appesr that farge doses w il be delivered to a great
rom additional particles but

qroof colls. Multiple exposnures might oceur f
Crhis risk is ditlieuit to evaluiate,

LI—Considerable effort is heing direeted toward the study of contamina-
2 foord from fallout,  One element of Fajor coneern is Sr-dkh B bas been
el that if one were to subsist entirely on food grown from coils contain-
ut one-tenth te 1 microcurie per square four of St 90 (1,000 pounds of
il operaere tooan average depth of 6 to 7 inches), that over a period of
- there wotld acenmulate in the human <keleton a bady burden of 1 micro-
G STt The highest Sr 90 activity found in soils from agricultural
< alent 100 miles from the Neviada test site, now shhows 1 coneentration of
S 2470107 microcuries per sjuare {foot. This i= a Tactor of 30-300 times
50 the one-tenth to 1 mierocurie of Sr-90 quoted ahove,  The ealeium con-
1< around the Nevida test site is severad times grenter than the 1,000
o u=ed as @ basis for calculations, which would materially reduce

SN L er et

um uptake.
Fianel not of direct concern to the Nevada test site, It is of interest to
St woils were eollected from the Marshall I-lands following the fallout
SAGreh 195 Appendix M summarizes these darn)

cnt report strongly suzgests that contamination of Jeaf surfaces followed
- direct constmption or ininke hy wiay of 1 is a far more ilportant
¢ of intake than the soilplant-animal e Yoot leaxt for those times of
a1 plants may be in a stite of growtlt to collect the fallout. Ifurther

v is being planned.
R osme report raires o new protlem,
wpresented indiente relative doses of:
thyroid: teus of thousands of reps
NVt 800 reps
external gamimni: 40 roenlae s

Sswiiniodine doses to the fetus and haby may be particularly important,
Couonal evaluation will be given this problem.

Dased on stated assumptions, the

CRITERIA VI ReUTINE RADIATION EXPOSURLES

ropulations should

" whole-body gamma effective biological dvse fur off-site
fose may result

] 3.0 roentgens over a period of 1 yeur. This total «

ele exposure or series of eXposures.
wtionys of dose rate readings ave used in c=timatins
Sl doses, then table Vomay be used.

the ceffective bios

Tanrn V
e -
IO e Filective
tea factor Linlogienl
dose
B = ——
i
o eretiond radintion Aok from e ol

“leatetieal rudinhon dose from U

ol estitiate of Glective Loessldoees

e communteation, Lo A, Desn, U S0 Do parinent of
- wd, 1904,

sure, Deltsyville, Md.,
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If film badges or dose meters are worn on personnel and the eVidenceot
use supports the view that the readings are a reasonably accurate mih
the radiation dese received, then the values recorded on the film ¢
be accepted with a correction factor of 34 to account for the difference M:

the dose received by the fllm badges or dosimeters (including backscatter)
that received at the tissue depth of 5 centimeters, e ‘~
CRITERIA VI ROUTINE EADIATION EXPOSURES St

Discusgion oot
In 1053 the follnwing recommendation was made in the report of Gomuh
To Study Nevada Proving Ground: Ty

“It is recommended, and found to be in conformity with the present pr
of determining permissible exposure limits, that for test operation personne] g
total body gamma exposure be limited to 3.9 r. in 13 weeks, and that the gayy
figure be applied to the off-site communities with the further qualificatioy
the latier case that this is the total figure for the year. In general, this iy
plies & single test series in any given year.” Tk

On the basis of this recommendation and the reasoning discussed under ot
I, the criteria for estimating the whole-body gamma effective biolog‘lm’lh
are summarized in table V. It will be noted that the biological factor ipclndeg
under criteria I is omitted in criteria V. In the flrst case we are dealing wig
retatively high doses that may require emergency measures with their attendag
hazards. It is a situation where one wishes to estimate all pertinent facten
in evaluating radiation doses even though they may not be known with prechy
ness, before recommending an emergency action that may produce greste
problems. In the case of criteria V one {s concerned with relatively lower doss
during routine aperations. It would be difficult to justify on the one hand th
proposition that weekly doses for general populations may be integrated and take
in n single exposure without penalty and on the other hand, that a given dom
received over a period of a year may be administratively reduced because «
biological repair. Therefore, the biolngical factor is omitted, O

The general effects of backscattering on measured radiation doses are fafrly
well established. Further, knowledge of depth (tissue)-dose curves has sé
vanced to a quantitative state.” Thus, there seems to be little doubt thats
film badge or dosimeter worn on the person will overestimate the gamma rad
tion dose delivered at a depth of 1§ centimeters (assumed depth of blood-formisg
organs). A major factor in determining this difference is the quality of radiathe
under consideration. One report dealing explicitly with radiation in a faﬂﬁ‘
field suggests a factor of about 3.

1 permissible Doge From External Sources of Ionizing Rediatfon. National Bureas #
Standards Handbook 59, September 24, 1954,

L
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Lypix A, SAMPLE FsTiaaTioN OF Gauwa Doses Savep BY REMAINING
i INDOORS
EXAMPLE I

me: Time of fallout=H+ 3 hrs
e yese rate at H4-3=067 mr/hr

. Theoretical maximum dase from time of fallout to 3 hours later_ .. 1.3(_) r
" guvings by remaining indoors for 3hours ... .--_-o--- 0.65r
] year effective hiological dose if personnel did not remain indoors
during the 3 hours (based on same assumplions contained in section
T 1) FE e iihivly - ~35T"
Percent of 1 year effective biological dose saved by remaining in- 12
~

doors for the 3 hoUrS_ ooooeoooooo i mmmmmmmom o am e e m oo
EXAMPLE II

~me: Time of fallont=11+3 hrs

Doxe rate at H4+3=667 mr/hr
Theoretical maximum dose from time of fallout to 8 hours later___ 2.30r

€avings by remaining indoors for 8 bours. .. o= 1.15r
1 vear effective biological dose if personnel did not remain in(loprs
¢uring the 8 hours (based on same assumptions contained in section
onevaeuntion) oL e

Percent of 1 vear effective biological doze saved by remaining in-
doors for the 8 BOURS . Lo amia o ccee e e mmm e e

Culeulations of Beta Dose Rate al Deplh of 7 Milligrams per Square
Centimeter From a Thin Ertended Source

T

~21
crenpix B
~ame: 1.5 Mev Beta (mean energy =0.3 Mev)
g==10 enmi¥/gm
(This assumes a single mass abszarption cocflicient.)
N=No ¢+

Vi No=number of betas at surface per em? per sec,
N=number of betas at depth z
u=muss abzorption coeflicient
z==distance (depth) under consideration

dN .
— = -.u_\ 0 €8
urI
, B AV € E
P= 5
u FE=dose rate at depth z
E=mean energy of betad

g9 7

=300 where: C==activity in niicrocuries per cm?
=865 10 Mev/pme-sec.
£=11.3921070(C) ergs’gm-sec.
{ (" reps/hr

) C rads/br

K

1 (= 80uc/cin? (beta)

N=54C where: R=dv-rrate at depth 7 mg/em? in reps

C=activity/em? in uxe
== (5.9 (RO
o2 e shr

it s hr

{]

AT T U - U L Gt
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Comparison Beta Dose Rale (Reps/hr) at 7 Mglem? to Gamma Dose Rate E«QE
tn Infinite Field at 3 Feetl Above the Surface o
Assume: 80 uc/cm? (beta), equivalent to 1 megacurie/mi? (gzamma)

432

JW..\HOU

Arrenpix C. Erperimental Dala Versus Theoretical Calculations Ahuvg&_&.w

tn Estimating Beta Doses 54
- m? “
In one relevant experiment, a thin %2 source was preparcd by soaking g filix
paper in a solution of phosphates and allowing it to dry. The surface dose 1y

were then measured with a surfuce ionization chamber,! Pertinent dataldn
abstracted as follows: .

Thickness of source

.......................................... 9.6 mg/
Activity of source_.._____ TITITITITTIIII I 770k
Surface dose rate AO.EN £
e e e e e . " 1457 re :
Dosage rate at depth of x centimeters..._.___________ ¢85 :

A. Theoretically:
Using the equation from Appendix B

e J?
\p.“t’./lcﬁo‘ i (far P3)

Substituting above data:
9.5N0e~9.510.000 (9

)

=7.0 Creps'hr
Let C=77 pcelem?
Then R=7.0X77
=539 reps/hr at 7 mg'em? (P

ot r/i:‘-)

B. Experimentally:
R=1437 e~ 05000 -

=427 repsi/hr at 7 mg’em? (P3) c&

The two above approaches are within wotogc_;ono...n:o:E...:osamnﬁw m

lates the experimental data from a source of 9.6 mg/em? to a thin s0Urce’
comparative purposes) the two methods are within 20 percent,

1 Effects of External Beta Radiation. Zirkle, Raymond E. McGraw-Iitli Bouk Co. 1951,
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ta Dose Rate (Repsihs) at 7 Mo/em? to Gamma Doge Rate M,
in Infinite Field gt 3 Feet Above the Surface :
‘em? (beta),

equivalent to 1 megacurie/mij? (gamma)

432
i ~105

Zzperimental Dala Versus Theoretical Caleulations (4p
tn Estimating Beta Doses

1t experiment, a thin P source was prepared by soakin
‘on of phosphates and allowing it to dry. The surface dg
‘ured with g surfuace jonization chamber,!

:
'8 fliy

Pertinent da
lows: i
o T e 9.6

R 77.0

. 0.12
“““““““““““““““““““““““““““ 457 rep
epth of x centimetors

Iv:
tion from Appendix B

152@3:f1? (for px)
ove data:

9.5No00e—00.5 0.000) 9
=y

=7.0 C reps/hr
Let C=77 uc/ecm?
Then R= 7.0X77

=539 reps/hr at 7 mg/em? (P
If=457 e~ 9.5 (0.007)
=427 reps/hr at 7 mg/em? (P

i,
Pproaches are within 26 percent of ¢
rtal data

ach other, If one :
rom a source of 9.6 mg/em? to a thip sourcee
es) the two methods are within 20 percent, e
e Radiation, Zirkle, Raymond E. MecGraw-111) Book Co,

ly:

1951,
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fivpix D leulations Gamma Dose Rate Frm»; a l"'
Wi D. Ca 21:111 Cenler' of Chamber 4 Inches Aiore Surface

" rate of gamma from a point source:

h

dr

r=6CE where: r=r/hr . )
C==nctivity in curies rer square foot
E=average energy of sumns (Mev)

D=6CE 20 [* 2 pire Dedose ro i 1/
) _

hz'r-\

. .. LZ.;XZ
=188 (51n [gh,—

telid 6 Imches in Kadius
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Example:
Let: z=1/2 foot
C=4Cuc’cm?® or 3.6X 1077 ¢/ft? (gamma)

E=0.7 Mev 1
h=1/3 foot \ o 5
D=(18.8)(3.6X 10~ (0.7) In [L;”ZJ%)(T”—)-] i

=0.56 r/hr

Comparison Gamma Dose Rates From Infinile Plane al a Height of 3 Feet
Ground to Arca of 6-Inch Radius and Height of 4 Inches :

Assume: I megacurie/mile?
(3.6 X 1072 ¢/ft?)

4.1 r/hr

el 73

0.56 e/hr
Arrexpix E. Estimate of Dose Delivered by a Single Particle of Fallout #

Asswmne: a. Point souree
b. 0.5 Mev average beta energy
c. uz==10 em¥gm
d. Iute of deeay follows =12

Ti:» doze delivererd at Qie surface of an imaginary sphere at distance RY
Iong source.? |
(1) Kilty= CE; e=vt Mev
dx it gram
vierer KM =dose delivered at the surface of an imaginary sphere at dist8)
f=2average encrey of beta particles i
C'==total nmirnber of disintegrations

a=mass absorption coctlicient

Substituting:
p=10 cm?pgm
Ii=0.5 Mev
e Aev
Thent 12y K(RY=0.4 -
e (» It gm-disinteeration
. e W& millireps
S NesBgy10-e £ THTCRS ‘
or (3. Ky =26 0 [t disintegration ‘g
ek millirads ‘
s (3. KN(Ry=-6. 4501076 =~ 00 §
or te.b L) =6 ) el disintegration L
Nore --Faquation (3.a.) is plotted on the attached graph, ':'
Por fis-ion products: ¥
(4 Ag=Ayf,~12
Where: Ay=dizintegrations per unit time at fime *‘a’ after detonation

Ap=dizintegrations per unit time at one unit of titue ufter detonation

Tutesrating equition (2),

(5.0 Co=5A,(0,702—1,-0
and Sh) O h A, 2 (1,~01—,-02)
wihiere: C=tots] number of disintegrations frons time “a” to “b”

fa-= e after detonation
fr=lter time aftee detonation,
Wlhen # i~ infinite,
6y Co==51.

Py the vseof equations (3.a) or (363 and (5.0 one may compute an estimate”
dose at the carfaee of an bmnaginaey sphere, ¢

Of conrs 1he problem s the determination of “1," and 1, i, ¢., how lon;
after detur.tion will a0 radiosetive particle be deposited und how long
{mrii(‘]y resadn i place. The first time (4,) {8 much easier to estimate thas
ater 40

ThRes 00 o ENis I e Disinbuted Mot Sources n Unifurnly Absorbing Media, ", Nudes®
July o NVUT e L
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et: r=1/2 foot

C=40uc/em?® or 3.6X10-? ¢/ft* (gamma)
E=0.7 Mev

h=1/3 foot (1/3)2+ (1/2)?
- 1
D=(18.8)(3.6X10-1(0.7) In W]
=0.56 r'hr

wma Lose Rates From Imfinite Plane af a Height of 8 Peey
qund to Area of 6-Inch Kadius and Height of 4 Inches

Assume: 1 megacurie ' mile?
(3.6 X102 ¢/ft2)

_‘1.1 r/hr .
0.56 r/hr ‘-

&
stimale of Dose Delivered by a Single Particle of Fallowt”
Assurner a, Point source

b. 0.5 Mev average beta energy

. p=10 ¢cm?¥gm

d. Ilute of decay follows (-12

ered at the surface of an imaginary sphere at distance R from,
4.5“

K )= CEu ek Mev

4 k2 gram <
daze delivered at the surface of an imaginary sphere at distancs §
average enercy of beta particles
totad nunber of disintegrations
mess akorption coellicient

#=10 cm?/gm

=05 Mev

e"10R Aoy
Y ! :0‘ Ty T T ————
Rry 1 I gin-disintegration

. . e10%  millireps
fr=0.9x1o-e 2 0 Ddreps

Rkt =c.9% R? disintegration

Kl =i 4% 10-8 TR millirads

BT disintegration
N3l s peetted on the attached graph,

oiss

Av=At1a

after detonation .
Lor unit time at one unit of tme after detonation
don (2),
(‘:5,“([“—0.2_,5—0:

C = -—'»‘ata"z((a’o"—1',_0':)
samber of disintegrations from time “g"” to ‘"
e nfter detoration
T titne after detonation,

Cro=514,
Car (3 and (5.h.) ene may compute an estimate¢
rury sphere,
determinustion of " and "y, 1. e., how logﬁ
* particle be deposited and how long will tl!
:Tit time (t,) {8 muck easicr to estimate than t

“Iostr ced Beta Sources In Unitirialy Absorbing Medis.”, Nucleos®
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Radius of Imagiloary Sphere in Centimeters
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AprpeNDix F, EsTIMATE oF BeTa Do0seEs FroM A SINGLE PARTICLE ON THg Sy
( PosSIBLE PRODUCTION OF RECOGNIZABLE EBYTHFMA)

Let: 1,=3 hours (time particle i8 deposited on skin)
t,=27 hours (time particle is removed)

Assume: 1500 reps=total dose required in one day to produce recom

erythema
0.1 ecm=radius of imaginary sphere within which cells must ’Wﬂn
2000 reps or larger. P

b
I =

According to appendix E, 2.5X 1077 reps/disintegration is delivered to sum“
of imaginary sphere 0.1 centimeter in radius,

I.OX 101 — 9 Aic: . = . :\
2 5% 10 63X 10° disintegrations required L
C=5Ad, 2[4 2 —1,703] R
6X 10°=54,3!2{3-92—27-01] a3
A,=1.14X10° d/hr ik |
or about 8.6 uc at H 43 hours, "’;»;
. I

Of course, the radius of the imaginary sphere selected will materially aﬂ‘ectﬁ.
caleulations. For example, a radius of 0.2 em would require a particle of, a.bom
96 microcuries at 43 hours to give the same dose. :,
i
APPENDIX G. ESTIMATE OF GaMMMA Dose RATE AT Four INCHES Frox a Bmau

PARTICLE OF FALLOUT MATERIAL ;. #

Assume: a. The average gamma energy of fission products may be compared with
radium; that the average energy of fission produ('.: is 0.7, Mer;
that the average encrgy from radium daughters is 0.8 Mev'lmh
2.3 photon emissions per disintegration or that the average er
per disintegration is 2.6 times greater than per dLmtegratxond

fission products. £
b. A particle of 150 microcuries of beta aclivity or 75 nucrocu_rmﬂ
gamma activity, (See appendix H)) e
8.4 mg (me) . . .
I= di for radium through 0.5 mm of platinum.
where: I=gamma dose rate (r/hr)
d=centimeters
Let: me=7.5X 1073 ;
d=10cm

[=BH(T.5X107)
- 10

=6.3 mr/hr gamma dose rate at 4 inches (for radium)

g%gu mr/hr for fission products

ArrenpIX H. Data and Calculations on Doses From Single Particles of Ru!lmm“
and of Fallout Material -

A. Comparison of beta energies from Ru™® and Ru''® mixture to that from
fission products.
Ru® 0.3 Mev beta (T=424))
Ru!®~0.03 Mev beta (7'=1.0y)
Rh1 355 Mev beta (7'=303.)

Assume: Ru'®/Ry'® ratio of 0.75!

& AL of the Dbasic data contuined bttt on rutbenium 15 enntataed tn HAW 33008, A status repors
ept. 15, 154
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TIMATE OF BETA Do0SEs FroM A SINGLE PARTICLE ON Tag §
’0SSIBLE PRODUCTION OF RECOGNIZABLE EBYTIIEMA)

(time particle is deposited on skin) :
s (time particle is removed)

ps=total dose required in one day to produce recogaty, "
erythema s

m=radius of imaginary sphere within which celis musf;m‘
2000 reps or larger. N { }

ippendix E, 2.5X 107 reps/disintegration is delivered to,
cre 0.1 centimeter in radius. Surfia

—2%= 6°< 10° disintegrations required
C=54,1,1t,12—1,—92)
6X10°=54,3"23-02—27-02]
A,=1.14X 10 d/hr
or about 8.6 uc at H+ 3 hours.

adius of the imaginary sphere selected will materially affect {iy
r example, a radius of 0.2 cm would require a particle of abogt
H 43 hours to give the same dose. 3k
IMATE OF GAMMA Dose RATE AT FoUR INCHES Froa A“S‘mm
PARTICLE oF FALLOUT MATERIAL e
i
\werage gamma energy of fission products may be compared witt
lium; that the average energy of fission products is 0.7 Mer,
it the average energy from radium daughters is 0.8 Mev wit
photon emissions per disintegration or that the average eiierg
' disintegration is 2.6 times greater than per disintegration o
ion products, fa
rticle of 150 microcuries of beta activity or 75 microcuries o
nma activity, (See appendix H.) i
ﬂ(i (mc) for radium through 0.5 mm of platinum, .

I=gamma dose rate (r/hr)
d=centimeters

me="7.5X10-2
d=10 cm e
-4)(7.5X10-%) ;
102 :
3 mr/hr gamma dose rate at 4 inches (for radium) 2

t mr/hr for fission products

and Calculations on Doses From Single Particles of Rutheniss
and of Fallout Material S

f beta energics from Ru'® and Ru'™ mixture to that from

Ru'® 0.3 Mev beta (T=424)

Ru™~0.03 Mev beta (7'=1.0v.)

Rh' 355 Mev beta (7'=30+)
119 ratio of 0.75!

contiined herein wi ruthunium s contain:d in HW 33063, A status repot
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- esimate & mean average energy of betas from mixture:
Pt i

- Maximum Welghted
Isotopes energy maximum
Parta beta cnergy betas
0.35 0.35
0.04 0.05
13.35 4.45
USSR FEURROTISY RO ‘ 4.8
4.85
OO =
- 1.3
3.66

f»‘i (‘l\':lrit‘. the average encrgy of the betas i= not the sole co;)si<10rqti()n. The
I distribution of the betas from Rh probably is quite different from
fission produets, thus affecting the (lcptll'dnsc curve.) ,

& Data on doses and effects from single particles of Rut® and Ru'®:

| 8 ' b
g ’! 120 .
of particle. ... 1 e
of particle. .. - Al
rale mx 7 mygemt, ‘i 27,740 rj«!\ hr.
dose delivered el i o~ iy s,
1
2. furvey duse mate (mradshrt l Taotal shvin dose (rls)? Eflects

None visihle,
Reddenny,

A~ L.
~ree

PARHENILEN
b doep.

Vitlee i G . ’
- ruf:rs to the tot spot direelly below the particle, andis valid only as to order of trnoitu o)

0

. S.3 pe estimated activity of particle prlucing reddening effect in abeut

W)
-thours, The estimated size 1s 100 microns,
I 1s3) (144) =1200 ge total activity aceounted for fn the 1414 hours that the
wewas delivered.  (Assuming constant activity during the 144 llfllll'.*.) -
I What specifiec activity of a partiele of falleut would be required to deliver
=sie dose in the same tength of time? ]
Toe nnxwer to this question depends upon the time after (1('!(!“”““]1‘ {In:lt (h::
Sicle comes in contact with the skin,  Assuning this time to )'n' i .5.]|l'lll‘>,
“spaeitic activity would have to be about 150w for the same size [l:lrI‘I(‘.lt'.
Yie the particle may be washed off before 6 days h‘:x.\'v vx_]u_r«-d, one |n..|._\ u»ln-
*r the problem another way. What must be the specitic activity of a particle at
~3brurs to deliver this dose in the next 24 hours” i
decording to Stramdgvist (p. 6), only about 70 pereent of a G-day dose nm'-(vl
“leliversd in one day to produce the same effect (erythema ): Avcepting Hns,.
~Ua particle with about the same activity » 150 ue) at tH {3 haurs would be
“Hefent o deliver an erythema dose in 1 day.
P The following data are reported for singe
=tRuothole and Tumbler-Suapper.

1

partictes collected during Up-
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i -\
Activity s
Size of particle () extrapolated ug?.“
to {43 Zero m‘“
hours (ue)
——
1, 000 e

20 o

900 s |

4530 ....,m
350 gy

400 -
140 AT )
250 R ¢!
ha] e
3.0 TT)
IS 8 O -

——————

1 Dats from estimations based on radioautograph methods, VEET A

Nt

It is not intended here to imply these are the maximum specifie acﬂﬂ&.
per particle that existed or could exist. The data at 14.7 miles are reported
to show the wide range of specific activity that may occur at one locality. *

Aprrexoix I, ESTIMATION OF RAaTio oF SurrFace Bara Dose RATE 1O Glm
Dosg RATE aT 4 INCHES FROM AN OugecT 2 INcres 1N Itavics

One may assume a ratio of beta dose rate (at 7 mg/cm?® depth of skin) 't
gamma cose rate (3 feet above the ground) of 1251, If a contaminated b
Jeet of say 2-inch radius were removed (or shielded) from a general radiation
ticld the gamma dose rate at 4 inches from the surface might be some 40 times
less than from an infinite plane with the same deuree of contawmination fap
pendix D), while the beta dose rate might remain almost the samme valpe #
the object is in contact with the skin. Thus, the beta-to-gmnma dose rates
measured under these conditions might be 5.000-1. For other than a plase
surfuce, the gamma dose rates might be bigher, thus reducing this ratio;
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Activity | g0
of particle (u) extrapolated from
to H43 Zery
hours (ue)

1 radioautograph methods.

' to imply these are the maximum specific g
or could exist. The data at 14.7 miles are ‘reporied
f specific activity that may occur at one locali J{

' %
OF RaTIO oF SURFACE BerTa Dosk

g
Rate 10-Gany,
NCHES FROM AN Upgecr 2 I

Nceues 1Nv RRapius

o of beta dose rate (at 7 ng/em? depth of"'élfﬁii'h
above the ground) of 125/1. If a contaminated o
vere removed (or shielded) from a general radiation
at 4 inches from the surfice might be some 40 times
- plane with the same degree of contamination (ap
+ dose rate might remain almost the same valoe if
vith the skin. Thus, the beta-to-gamma dose_rates
dlitions might be 50001, For other than a plape
rates might be higher, thus reducing this ratio,:*;
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AppENDIX K. MeTtitop Usep 1IN EsTIMATING Do0SES TO THE LUNGS Froy I
HALATION OF FALLOUT MATERIAL

Assumptions

The following assumptions are made in estimating radiation doses to the
lungs.

A. Twenty percent of the inhaled activity 1s deposited. e

B. There will be no elimination of particles during their radioactive lifetip,
There is uncertainty as to the biological half life of particles in the lungs;- |,
those communities showing the highest concentrations of fallout, the peak o
airborne material (which accounted for the greatest percentage of total.fy)
out) occurred only a few hours after detonation. If one assumes a radlo] g
decay according to i=* and a biological half life of say 30 days, the o
of biological half life would not affect seriously the computed total dose,-:4~

C. All of the activity is associated with particles in the respirable fa‘nge(
sizes. Past data from cascade impactors indicate that about 90 percent of thy
activity is associated with particles 5 microns or less in the communities gpp
rounding the Nevada test site. oy

. The lungs are uniformly irradiated. i

E. The weight of the lungs is 900 grams. Ty

F. An individual inhales 20 cubic meters per 24 hours.

G. The average beta energy is 0.5 Mev.

11. The gamma dose is negligible compared to the beta dose,

Data at 8t. George, Utah

Approxi-
mate mid-
(Short time) 0503 Duration | point after L7203 4
detonation
am [48)) 111 av)
Hours Hours
061020 1130, e ccrecemmmmn e 4.3 417
1130 t0 1445 i eeeceeeen - 3.2 8 2.3%
1445 to 1845 .. 4.0 1.8 6.3X10-t
1845 to 2300 4.2 15.8 4.4X10"
2300 to 0635 7.5 215 1.4X107
10635 to 1835.. 120 3.8 1. 4X107
1 Assumed, o

Sample calculations
D=5At1 L, ~04—1,~0]
Let:t ,=3 hours
t,=2184 hours (13 weeks)
=3 ue
D= (5)(3X2.22X 100X 60) (3)1 2302 ~-2184-07]
=4.4X 10 disintcgrations from 3d hour to 13th week,

Assume: E,.,,.=0.5 Mev

(4.4¢10% (0.5) (1.6 X 10-9) (9%))(5%) =4.210* reps

=42 mreps
Total lung dose for 13 wecks: ~130 mreps.

s
-
Th
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s
20 IN ESTIMATING Duses To THE Luxg W
ATION OF FALLOUT MATERIAL ® m‘}'

ns are made In estimating radiation doseg *‘ﬁ

nhaled activity is deposited.
aation of particles during thelr radioactive leat
the biological half life of particles in the lunj
* the highest concentrations of fallout, the paay
lccounted for the greatest percentage of toti
durs after detonation. If one assumes a radig) s“

1 a biological half life of say 30 days, the onitd
not affect seriously the computed total dose ¥,

associated with particles in the respirable 3

ade impactors indicate that about 90 percenti &
particles § microns or less in the communi o

e. :

v irradiated.

i3 900 grams.

) cubic meters per 24 hours.

v 15 0.5 Mev.

tigible compared to the beta dose.

- b A

Data at 8t. George, Utah

Approxi-
mate mid-
Duration | point after Suc/M
detonation
[¢834) 1 awv
IHours s Hours
4.
3.2 8 ‘fg
4.0 1.8 6.3X 10t
4.2 15.8 4.4X102
7.5 21.5 1.4X107
12.0 3Ls 1L4X10-
Sample calculations !
)= 5ALI 01—, 0]
e
,=3 hours %
f=2184 hours (13 weeks) ﬁ
=3 ue “}._‘q
X 104X 60) (3)143-04 — 21 84-04] i
Tk

integrations from 3d hour to 13th week,

«ssume: E,,. =0.5 Mev -
I ERYZ in
(1:6%109 (g55)(35) =42107 reps %
=42 mreps 4\'

k3 ~130 mreps,
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L. ESTIAMATE OF DOSE AT SURFACE OF IMAGINARY SPHERE 1 MILLIMETER

R IN Ravius
ume: Average activity for 30 minutes is 0.5 uc at H-+3 to H431 hours.

sieTe ndix H. . . .
= MEOTS(‘;(QP%;(110°X30=3.3>< 107 disintegrations/3( minutes.

foen vt surface of imaginary sphere 1.0 mm. in radius the dose rate from 8
point source is
i _ mreps dix E)
0 (See appendix bu.
2.52X10 disintegmtmn( i
(3.3 X 107( (2.52X107% =8.3X 103 mreps/30 min.
. o8 reps, 30 min.
for particles of higher specific activity, the dose would be correspondingly

_er, of course.
ApreNDIx M

Estimate of 8™ in soils of Pacific islunds

Total ac- Rough esii-
tivity utile eater-
(e (2 nal inﬁn’ny

SUSHILC ramma dose
T.ocation (meusured) ‘t:)\‘-nlﬂons)
1 I 111
L Txlo? 4
120 In? 4
Ixaxln? 12
2 lo? ]
113 In? 4
4%yl 2
1L3x ot [(A]
1o foa
LS S IV T
23 e vy
PRSI O
1h 4. Mg
12 1, Sm
4.9 3,30
¢.8xl0°? Wi
4.4 ! 20
£.nox 107! 400
g.6x 12 170
—

3L 2303 as of May §, 1954, except island of Eriirippu where date 1s May 0000 H

—_——

UNITED STATES ATOMIC KNERGY COMMISSION, )
Waskington . C., August 2, 1957,

2 CHET HOLIFIELD, ' o
Chairman, Speeiad Subeommittee on Radiation,

Joint Committee on Atomic Energy,
Capitol Building, Scnate Poust O k .
Dzag Mg, Houlrienn: As a part of the written rcu.srd of The Nature (;t .R'm.l[?;
’ Sallont and Its Effects on Man, there s bring rcprndn'ur-d.n [(' 0((“.[.‘:(- it
sziang of Radiological Safety Criteria nnd'l’rucodurvs {'_»r 1 uhhc“ lm (,(l 1; 0
» Nevada Test Site written by me sgmet:)'mel ago. (:t would greatly appre
itif a fuotnote (attached) were added to thig document.. .
o enclosed is u(cnpy of the revised radiological safety «:r\torln“(';\t[;:"ilt 1:;];:\2
> are currently being used. I would like to suggest Yt':l*‘k'ff“b.‘ ﬁ(t of o(\r
ised criterin also be printed so that the reader may have the bene
=T thinklng on these matters.
Sincerely yours,

fice, Washington, D. C.

—

Ganrpos M DIUNNING,
Iy alth Physicist, Dicisionof L luyy and Modice.

R e

<
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RaproLocicAL SaFeTY CRITERIA DURING NUCLEAR WEAPONS TESTING: Ay

)

NEevapa TEST SiTE e
ey EW

(April 1957) it ¥ o)
Rl B

INTRODUCTION Ll

lished after full consideration for protecting the health and welfare of the
both in terms of radiological exposure as well as possible hazards, bar

inconveniences resulting from disruption of normal activities. Criteria arge.
tablished as guides for the Test Qrganization in determining whether any spect

s B el
The criteria and procedures set forth in the following paragraphs were estab k. qld

weE

L] B\

etin
«tais

actions should be taken to protect the public. : e
These criteria are not established with the expectation that the coming ara
at the Nevada Test Site actually will result in radiation levels which,} Jre
greater than heretofore. Rather, they formalize past criteria to give ;sef
clearer guides for protecting the public. With improved methods of predictin§ .1 t..
fallout and with the use of balloons and higher towers for detonating the noedegr
devices, it is expected that fallout in popnlated areas from future tests at the f=f
Nevada Test Site will be less than the highest nmounts which have occmi:pgu —
the past. ! Thi

Two basic assumptions are made in this report s A
(a) It is the responsibility of the Division of Biology and Medicine to eshah
lish such criteria for the Atomic Knerzy Commission as deemed necessary b
protect the health and welfare of the general populace from cunsequences of
weapons tests conducted at the Nevada Test Site, -
(b) The operational procedures adopted for mecting these criteria _‘,h
the responsibility of the Test Manager, as directed by the Division om
Application, with the technical guidance of the Division of Biology and Medie
The following criteria do not apply to dowestic or wild animals since!éy&
of radiation which would be significant to them would have to be highe:fjlm
those specified herein. A

SecrioN I. EvacraTtioN = \’&
BACKGROUND ol
H Q?‘

The decision to evacuate a community is critical for two principal reasons
One, presumably there might be a health hazard if the personnel were allowed
to remain. Two, there is always an element of danger and/or hardship toper
sonnel involved in such an emergency measure. L

It is recognized that extepuating clrcumstances may accompany any sltuaﬁal
where conditions indicate evacuation as a mode of action. The size of the
community, areas and accommodations available for the evacuees, weather eod
ditions, means of transportation and routes of evacuation, disposition of ambe-
lance cases, protection of the property left behind, and many other factors maf
enter into the decision relative to evacuation. Further, It Is recognized-that
under certain conditiens, the evacuation of a community might prove not oolf
rather ineffectual but could result in more radiation exposure than if-ibe
population remained in place unless the situation be adequately evaluated.sd
blanket evaluation cannot be made fn advance; each situation can be
The following criteria therefore are suggested as guides in assessing the
radiological hazards; the final decision must be made on the basis of all
factors known at the time. They are intended to apply principally to r
large populations since small groups may be evacuated without equivale
potential hazards, s,

Owing to the necessity of making early measurements and decislons, it 8 80
expected that dose-rate readings, taken with survey wmeters, will be the av
evidence at the times of concern. This necessitates making rough npproﬂﬂ"
tions in advance of the effects of weathering and of shielding from norms!
housing, in reducing the radiation exposure. The variable nature of these
parameters makes impossible the establistiment of a precise rule co"el'm“n
Ssitnatiens.  Therefore, the following may be used in making Cnnsul‘\‘ﬁﬁ"e&
waites of these effects ’
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se rates at three feet above the
-13 for the first week after a

eafter.
259% less than the out-

;) For weathering—the measured gamma do:
ood b assumed to decay according to (t)
aation, (t)7* for the second week, and (t)™¢ ther
y) For shielding——the accumulated dose per day be

ooTS doze,

.':me case of & truly emergency situation where potential hazards may ex-
,'e'nher from the fallout or from mass evacuation of large populatious, it
pqd sevtn proper than due consideration be given to the biological repair
evess that takes place with radiation doses distributed in time (recognizing
it suel offects from radiation as genetic changes and life shortening may not
y lime dependent). The estimates for biological repair for man are quite un-
wcain S0 A conservative value is used here of a half-time of repair of about

ot WEOR S,
graph 1 incorpora

o repair into a single curve.
e TATE readings. For example, if fallout occurs thr

of the dose rate is 10 r per hour, then about 67 r (effecti

wrbe accumulated, 1. e, —'179; X 1.0=07
’ 0.15

¢
i 4

tes the above factors of weathering, shielding, and biologi-
This graph may be linearly extrapolated to other
ee hours after detonation
ve biological dose)

e

s concept was suggested after analyzing data from both the Nevada Test Site and

‘mwetok Proving Ground and is intended to give geperalized estimates to cover a

v of sttaations. It is recognized that with the snaller fallout patterns and
indy solls nround the Nevada Test Site, the effective decay constants may he
et n these. An expanded monitoring program will be in operation during Opera-
we Flonbboh (1957 Serles) for the collection of pertinent data to allow better estimates
¢ mtive rates and of the effurts of shielding provided by bulldings.
1This s based on an average 12 hours per day stay in a frame house having an attennn-

ur factor of two. It 18 recognized that some individuals will be in buildings having
of time. On the other hand, this i3

vt sttenuation factors, and for longer periods

remlly an area where people may live an appreciable amount of time out of dvors and
yoote windows and dooars are left open, 80 the fallout material may enter the bufldings,
ille revision of these estimates will awaft resuits from the expanded onitoriug

- s during Operation Plumbbob.

§3204° _57—pt. 1—-17
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Effective Biological Daoses mar be cialceulated according to Graph 1. -
Table way be useq in evaluatiag the reuslbjh'ty of €vacuating relatively
large Populationg, '

TaBLE I.—R«(Iiological criteris

Tor euuluating /casibililg/ of cvacuation
Effective biologica) dose : M uimug effective biologicnl dose that must
e saved by act of evacnation (otherwise

€vacuation wil] yor be indicated) ; .

____________ tNo evacuatioy iudicated.) .

301050 foentgens______ 777" 13 roentgens,
50 Teentgens ang higher____ "~ (Evacuatiop Indicateq without regard ts
quality of doge that might pe saved, pr-
Yiding adequgte shelters are not availabk

804 the estimgfeq hazards concomitant

with evacuation gre dteeeptable.)

Up to 30 roentgens
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GRAPE I

= AFFROXIMATE GAMMA DOSE RATES VERSUS TIMES
AFIER DETONATION 70 PRODUCE ONE RCENTGEN
ZFFECTIVE BIGLOGICAL DOSE =

= SR e H
REEaE ===
TDE AFTER DETORATION FALLOUT OCCTRS
(DURS)
CRITERIA 1
Doses may be calculated according to Graph I

ed {n evaluating the feasibility of evacuating relat]

-e: Minimum effective biological dose thltll"
be sm'e(:] by act of evacuation (o 0
evacuation will not be indicated) :
{No evacuation indicated.)
15 roentgens. -
(Evacuation indicated without regard}
quality of dose that might be saved, P®
viding adequate shelters are ot &
argd the estimated hazards con :
With evacuation are acceptuble.) %

RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 251

SectioN II. PERgONNEL REMAINING INDOORS
BACKGROUND

pr remaining indoors (a) the gamma exposure will be reduced, and (b) there

« ess pessibility that the fallout material will come into contact with the
. (B=ta burns have occurred In the past only when the fallout material
J remained {n direct contact with the skin.) To prevent or greatly reduce
L latter effect, ft is highly desirable to make decisions before or very shortly
,’m- the start of the fallout. Likewise, partial shielding at these early times
«.i be of optimuin benefit due to the relatively high gamma dose rates. Thus,
. decisi-nis must be hased on predicted fallout in an area, or on dose-rate read-
.-s from Celd monitors’ reports.
" {gese predictions are of course subject to varying degrees of uncertainly so
wy: personnel may be asked to remain indoors ununecessarily. On the other
and decisions and action wust be taken relatively quickly if optimuw benefits
(v 10 be derived and remaining indoors until the radiological information is
.. re accurately evaluated probably represents one of the easicst and effective
sars of meeting an emergency situation.

Ime to nncertainties in our knowledge, and recognizing the usual unequal
¢ «ributina of fallout, it has not beeun poassible to establish precisely the amount
. {allout in an area that could produce beta burns. The Marshallese experience
samed su-h effects for those people exposed to 175 r and 69 r whole body
amza radiation, but noue for those Individuals on the Istand of Utirik (370
- »3 frou. ground Zero) receiving 14 roentgens. Whether these results would
1 true for other situations is not known, i, e., different particle size distribu-
:.p, different type skin, etc. At one location, Riverside Cabins, Nevada, abont
s people were in an area receiving fallout in an amount equivalent to intnity
¢ne of 15 roentgens, with no known cases of beta hurns, although it is not known
# anvone was out-of-doors during the time of fallout. Until more is learned
+tnis phezomenon, it would appear advisable to remain out of the direct fall-
et when 1be amount would be such as to produce about 10 roentzens gamma
winity dnse as measured at three feet above the ground. In the event person-
1! are out of doors during the time of this amount of fallout, the possibility of
‘13 burns could be greatly reduced by the simple expedient of chanzing clothing
wd of bath ng.

It people were not asked to remain Indoors during the period of highest dose
res in an area where the infinity dose was 10 roentpens or more, their actual
rposure iusight be in excess of 3.9 roentgens of wholebody gamma, This would
1t peross,Tily be hazardous but would exceed the estalblished criteria for
Pumbbiob (Criteria Vi),

CRITERTA 1I

When the gamma dose rate reading as measured by a survey meter Leld
‘bree feet above the ground reaches the values given in Graph I1 at the times
wdicated, it is recommended that personnel be requested to remain indoors with
sindows and doors closed. Release from this restrictive action should be wade
‘e the basis of further evaluation of the radiological eonditions.

\ lu the event that there be convincing evidence that the radiation levels given
% the graph will be reached, it is recommended that persounel be requested to
f'n:fiin indwors BEFORE fallout occurs or before the radiation levels equal those
= Graph 11, Release frow this restrictive action should be made on the basis
“!further evaluation of the radiological conditions.

._lt is recommended that people who had been out of doors during fallout of
_-’“» ghove n.agnitude or greater be advised to chiange clothing and to bathe,
‘e clothing may be cleaned by normal means. While bathiug, special attention
*uld be puid to the hair and any exposed parts of the body.

Inthe eveut that the monltoring takes place AFTER the fallout has occurred,
t;-’l extrapolation of the duse rate readings equals or exceeds those in Graph
ctat the estimated time of fallout, then it is recommended that the same sdvice
*2iven g5 ju the preceding paragraph.
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Sectios 111, DCCONTAMINATION OF IPERSONNEL

BACKGROUND

pe principal purposes for decontaminating personnel are to reduce the
ential beta doses to the skin, and to a lesser degree reduce the external
¢ .awma exposure. The discussion on beta doses in Bection 1I is applicable
3 i : "% In aadition, there is wuch unknown about monitoring methods for
: = Siih el = oty = 4 T.ounel contamination. The following criteria were previously developed
T 3 s ] . the basis of measuring the gamma radiations (and then extrapolating

? 1 Cthe accompanying beta radiations) with existing instruments. Recently

‘ v field instrutnents have been develaped for direct beta measurement, but
~ore remaing considerably more work necessary to calibrate them in terms
s pera dose rates to the body. TUntil this is accomplished, the past criteria

.sv be used.

111
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CRITERIA IIT

H
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ssible to monitor personnel outside of a general radiation

.4, it is recommended that an estimate be made of the degrce of personnel A

~ samination by determining the location of the individual at the time of

wt. In the event there is uncertainty as to the validity of such an estimate,

e assumption will be made that the individual was out-of-doors during the 4

e of fallout.  In those areas where the infinity gamma dose equals or exceeds

¢  raentgens, it is recommended that the individual be advised to Lathe and

< rhange clothing.

= For personnel being mounitored outside the general radiation field where
snel contamination exists over relatively large areas of the EXPOSED

Where it s not po

a0
: s fone-half square foot or more) :
Wien the reading of a survey instrument held with the center of the probe

. center of the ionization chamber four inches from the center of the
Semaminated area, equals or exceeds the values given in Granlh ITL it is
«eapmended that personnel be advised to bathe and to change clothing.
for personnel Leing monitored outside the general radiation firld, where .
wpal contamination esists over relatively small areas of the EXPOSED )
~it (les< than one-half a square foot) :

Tle recommended maximum values are one-half those given in Graph 111,
Ynitoring of the head. arms, hands, lower legs, and feet will be considered
~comine under this eaterory.  Wushing may be limited only to the contaminated
s, and also a chance of clothing may not be indicated, unless the radiation !
Vh\ exceeds those stated below concerning monitoring of exterior surfaces of
«hing.

For personnel bheing monitored outside the general radiation fleld, and the
~wamination exists over only spots of EXPOSED body (about the size of &
wif-dollar or Jess) @

The recommended masimum values are one-fifth those given in Graph IIIL

Washing may be limited only to the contaminated parts, and also a change
"‘dlothing may not be indicated unless the radlation levels exceed thiose stated
#low concerning monitoring of exterior surfaces of clothing.

For personnel beinz monitored outside the general radiation flcld and the
"‘7:Y!;3m'mation exists over any size area on the exterior surface only of the
tothing o
. The recommended values under these conditions are twice those given in
aph III. The first recommended action shall be to resort to such simple
73 as brushing off the clothing. If this action does not reduce the radiation
;“els to twice those given in Graph 11T or less, then personnel should be advised
“rhange clothing and to bathe.

Wheu the general contamination of a community Is of the degree to produce an
““mated maximumn theoretical infinity gamma dose of 20 roentgens or greater,
~rsunmel who have been out-of-doors at any time during the first two days and
“~¥rally moving around in the area (as apposed to such an act as walking ouly
~eeu g building and a vehicle) should be advised to brush off the footwear

utdoors), to bathe and to chinnge clothing as soon As possible after the final
Ity {ndoars each day.  In addition personnel who go nut-of-d00rs for any length
ns duringe the first two days after such a fallout should be advised to wash
“ir hands at least atter the tual return indoors esch day, and more frequently,

< Pussible,
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SecTioX IV. DECONTAMINATION OF MoTOR VEIICLES
BACKGROUND

The principal purposes for decontaminating motor vehicles are to reduce the
-ptial beta doges to the skin by contact with the vehicle, and to reduce the ex-
} .l gnmma exposure. All of the uncertainties inherent in perscnnel monitor-
o plus additional ones, such ag estimates of the probability

~;are applicable Lere
o eontact and the amount of transfer of radioactive material from the vehicle
. e skin. The following criteria for monitoring motor vehicles (Graph 1V)

previously developed, and until the new beta measuring instruments (see

sere

wtion I11) are calibrated, will continue to be reconumended.

ope method of aveiding or significantly reducing vehicle contamination Is to
rea during the time of actual fallout. It is possible

werent their being in an a
‘st tallout across a highway may be higher than that permitted for populated

~as. When such a conditien is predicted, it would be advisable te hold vehicu-
o traffic until after the fatlout had essentianlly ceased. ID'ast experience has
avn that very significantly less vehicle contamination occurs when it passes
+rough an area afrerwards compared to being present during the fallout time,
vthough appreciable amounts can still be picked up on the tires and under the
aders. Obviously, there is mot a precise value that may be given, but it is
wopmetled that if the amount of fallout across a main highway is predicted
. be in an amount equivaient to 10 roentgens or greater infinity dose, that
-,ffic be temporarily halted uutil the fallout has essentially ceased.
CRITERIA IV

It is recommended that when the predicted fallout across a main highway be
auivalent to 10 roentgens or greater infinity gamma dose, vehicles be held
z1il the fallout has essentially ceased

Graph IV may be used in determining the advisability of decontaminating
- qor vehicles. The survey instrument sbould be held with the conter of the
--be or celiter of the lonization chamber four inches from any readily accessi-

vesurface,
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BACKGROUND R

In any area where the theoretical gamma infinity dose exceeds 10 roentgesd
adequate sampling of the water, air, and foodstufls should be made to ascertal
the conditions of possible contaminatiun, if for no other reasons than as precs¥
tionars and documentary measures. Based on past data, bowever, it Led
expected that under those conditions of fallout where the radiation levels are b
low those stipulated for possible evacuation, that the degree of con
would be & health hazard. Nor is it implied here that any level above this dest
constitute a serious contamination of water, air, or foodstuffs. One g
of reference is the Marshallese experience where the whole-body gamma
was 173 roentgens yet the internal deposition from ingestion and iuha]aﬂw“
relatively small. In the event of a relatively heavy fallout, but less than
calling for evacuation, & comtnon Sehse rule would be to wash expOBed d
such as leafy vegetables, since this i. the most probable mode of intake
activity.

T

CRITERIA V

Monitoring of air, fod and water should be made as so0n as possible 1!1_‘1:
where the infinity dose equals or excecds 10 roentgens. There need be:i“
strictive action imposed on food and water intake In areas where the ool
is less than that calling for evacuation. Washing off of such expol

as leafy vegetables may be advixed when such action seems desirable.

The At
wentgens
~m Ope
The di
Lining
.+ of bi
s ON
- s Wl
-3sd ev:
-entgen
aze amt
mEe,

Graph
yoordin
cated 1<
er de

tree TO

4s di
tieldin
-¢ radi:
re livil
sresent
2n7e.
srograt
=timat
In th
seorde

Esti
stere
= 40Ct

The
steeed
resplt

Vi I
S



"TIVE

GAMMA DOSE RATES VERSUS TDES AFTER -

TETONATION WHEN DECONTAMIRATION OF 2 B

3 L 1

g MOTOR VEHICLES IS RECOMMENIZD lly

& (SEE TEXT POR METEODS OF MOKITORTNG) ;

4

i

=51 B = ;

: R

o b = i

£t ot 1t 2

e 2

= S =E #

= e St i
= =

»

= 1

CONTAMINATION OF WATER, AIR AND FoOUSTUFFS
BACKGROUND “

'e theoretical gamma infinity dose exceeds 10 roenth'l
e water, alr, and foodstuffs should be made to ascertad
le contamination, if for no other reasous than as precat
ry wmeasures. Based on past data, however, it 18 p&t
se cou(‘litions of fallout where the radiation levels are be
o pos§xblg e'vaeuation, that the degree of contaminatios
d. ‘l\or‘ is it jmplied here that any level above this do
tamination of water, air, or foodstuffs. One good polst
mll_ese experience where the whole-body gamma exposure
ie internal deposition froin ingestion and inhalation w89
* event of a relatively heavy fallout, but less than oo
L comion sense rule would be to wash exposed fi

3, since this i» the most probable mode of intake of

CRITERIA V

and water should be made as soon as possible in ares
*quals or exceeds 10 roentgens. There need be Do I¢
on food and water Intake in areas where the falod
for evaicuation. Washing off of snch exposed
*advised when such action seems desirable,
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8ectioN VI. ROUTINE RADIATION Exrosures

BACKGBCUND

The Atomic Energy Commission has adopted, as an operational guide, 3.9
<entzens whole body external gamma radiation for off-site exposure resulting
»am Operation Plumbbob.

“rpe discussion in Section I on effects of weathering and shielding on de-
swining the actual radiation exposure is applicable here. Howerer, the fac-
e of biological repair is not consldered for routine exposures. This factor
ears on somatic effects and may justifiably be considered in emergency situa-
-ons when it is necessary to weigh the relative hazards from radistion versus
188 evacuation. However, for routine exposures, the actual (estimated)
—enfzen dose should be used. To distinguish from the Effective Biological
twse and the Infinity Dose, this exposure will be expressed as the Estimated
hose,

Graph V incorporates the assumed effects of weathering and of shielding
ocording to the discussion in Section 1. The graph may be linearly extrap-
1ted to other dose-rate readings. For example, if fallout occurs three hours
-frer detonation and the dose rate is 360 willi-roentgens per bour, then about

36
-hree roentgens (estimated dose) may be accumulated, i. e, 1—2)% X1=3.

Az discussed in Section I, the estimates of the effects of weathering and of
wieldineg may be conservative for areas around the Nevada Test Site. A range
¢ ralintion doses is to be expected for these people since they will not ail
w living under identical conditions. The radation doses estimated by the
wresent method is expected to fall within and toward the upper endé of such a
=nze. The information obtained from the expanded radiological monitoring
wogram for Operation Plumbbob, should yield refinements in the method of
~timating the radiation exposures.

In thoxe cases where film hadges are worn properly by personnel, the values
wonded may be aceepted as the Estimated Dose.

CRITERTA VI

Estimated Doses may be determined according to Graph V. 1In those cases
shere tilm hadees are worn properly by personnel, the values recurded may
«accepded as the Estimated Dose.

The whole-body gamma Estimated Dose for off-site populations should not
“eveil 3.9 roentgens resulting frowm Operation Plumbbob. This total dose may
it from & single exposure or series of exposures,
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Representative Horirrerp, This afternoon we will have Dr. For.
Western, Division of Biology and Medicine, Atomic Energy Commif
sion; Dr. Lyle Alexander, Department of Agriculture; and Dr. Ro
Revelle, Scripps Institute of Oceanography, as witnesses.

We will meet in the Senate caucus room, room 318, at 2 p. m.

Before we recess, I have severa] statements to insert in the reco
at this point. The frst is a statement of the United States Nav
Radiological Defense Laboratory concerning the prediction, me.
ment and analysis of fallont and radiological countermeasures. N

& statement by LeRoy H, Clem, of Headquarters, Air Weather I
ice. United States Ajr Force. The third s a statement by Col. B, {
Holzman, and Col, Norair M, Lulejian, of the Air Force R Y
end Development Command, fourth is a statement by Dr. Donald }
Swingle, of the Army Signal Corps, Evans, Soutl, Carolina Labok
tory. and finally a presentation submitted by James G. Terrill, Jry
Chief, Radiological Health Program, Public Health Service. g
Y
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PREDICTION OF FALLoUT -3 Ypp

It was realized after the early Weapons teat operations that there existed § 17 }:,.,

requirement for predicting the thep little understood Phenomenon of fallook e B’;S'(

ANRDL made the first snidies o this <ubject by employing sciling techniques 4 Fa
(1,2, 2) similar to the upproach used iy the determination of blust aud thermsl -
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t?ns subject by employing scaling techniqu
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ects for weapons over a wide range of ylelds. Such scaling of radlelogical
.f,euomeun resulted in satisfactory results when compared to the meager ex-
;rimenmny determined fleld data (4). As more effects data became available
iu subsequent weapons test operations (3, 6, 7, 8) the limitations of a
" qightforward scaling technique were observed and the increasing dependence
4 the fallout on the d¢xnamical parameters involved, such as the meteorological
ariables, became apparent. This led to the development of a physical medel
mat would hopefully explain the mechanism of fallout such that given the re-
guired input parameters 2 knowledge of the fallout phenomenology for any type
o nuclear detonation could be predicted (2, 9, 10). This model developngent
cAas initiated by concentrating the effort on surface land detonations. Very
“ile factual data were available for construction of such a model. Howerver,
 was realized that this approach offered the most positive chance of success
',l_‘d consequently theoretical assumptions regarding the model Input paratneters
wuld have to be made. This model then defined the cloud source and associated
;uameters such as particle size distribution and relation of activity to particle
cze. A mechanism theory based on the particle settling rates and the effect of
e winds aloft in determining the trajectories of these particles was established.
y mathematical technique of summing the deposited activity on the earth’s sur-
e was developed such that the fallout pattern would then be established.

’ Because of the many initial assumptions made a great deal of effort was taken
1 subsequent nuclear weapons test operations to obtain refinements of these
;arameters by measurement (2). This work included detailed physical, chemi-
-l and radinchemical analyses of fallout particles, time dependent studies on
.he fallout such as time of arrival as a function of distance, rate of arrival,
ol time to peak activity.  Activity levels as & function of distance were made
% 8. 7). Rockets were employed to establish the radioactivity profiles within
ae mushroom cloud (11). Such experimental data were employed in the re-
cement of the physical model as well as were detailed studies of the effect
¢ time and space variation of the winds aloft on the trajectories of the fallout
.articles.  This data greatly improved the ability of the model to predict the
oilont and continning refinements are heing made. The use of a physical
=ndel for understanding and predicting fallout appears justified (12).

A fallont forecasting technique has been developed to satisfy the immediate
awls of the military. This technique employs many of the model parameters
.ablished. However 1t was designed for operational use and predicts only
e perimeter of the fallout pattern and the radiological axis of the area or “hot
ine” (13, 141, It is & rapid system that was tested at Operation Redwing and
rmved very satisfactory for both surface land and surface water detonations.
The details of this technique are described in the enclvsed NRDL Technical
Reparts TR-127 and TR-139.

There has not been developed a satisfactory physical model for underwater or
tnlerzround detonations to date. For these cases and environmental conditions
«her than surface ot near surface burst the use of scaling techniques holds the
most promise. Howerver it is not inconceivable that the mechanism of such deto-
aations will be understood and subsequent models developed.

The accuracy of prediction of fallout is very dependent on the quality of the
meteorological data available, With precise meteorologicat data the area of fall-
it and direction of the axis of the pattern can be excellently forecast. The
juantitative prediction of radiation levels at any point within the fallout area
s niich more difficult to prediet.

Itis cousidered essential in order to insure the application of fallout predle-
tin technique and radiological hazard nssessment to a wide variety of detona-
tm conditions that the basic mechanisms responsible for formation of fallout,
-"--"‘-'emenc of fallour material in atomic clouds, {ts dispersal by meteorclogical
“arces and return to the earth's surface be thoroughly understood. Only a begin-
103 to develop such an organized set of scientific data has been made.
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MEastvreMeENT OF FALLOUT

It bas been the overall objective of the fallout measurements wade by
at the Nevada test site (3, 9, 12) and the Eniwetok Proving Grounds (1, 8
te obtain thouse data which would allow prediction technigues to be tested.
assessment methods developed for the radiological situuations resulting

wide rinwse of puclear detonation conditions (8). -

tours, one group of measurements has featured the eollection of exper u‘
data fur such contours. Direct meusurement of the gawma ionization n;f
a large number of points in the fallout area with a hand survey meter .
stiuplest and in many ways the most satisfactory method of obtaining thig
of information (2, 4). When the fallout bas been deposited on a solid
as in Nevada. surveys of this type have generally been used and further
mented with measurements on instruments calibrated in terms, of ionizati
the activities of samples collected at certain locations for the primary .
of physical, chemical, and radiochemical studies. When the fallout has:zw
deposited on a water surfuce, as in the I'acific, certain other measurements =@
required for the interpretation of survey results. Because of the way in wh
the fallout material settles and disperses in the water, it has been necessaﬁ ,.
measure itz distribution to the total depth of mixing at each point of m 2
ment before the total fallout deposited at that point could be computed.
has been accowplished in part by the use of a radiation sensitive probe Ww.
could be lowered to various depthis, and in part by measuring the activities
snples collected at various depths.  Both procedures have required critical I
strument calil.rztions and theoretical work involving a munber of assumptiost
however, and it is probable that the results are much less accurate than
for the land surface case. In general, the measurements of this kind made
NRDL have shown that areas of the order of tens of squire miles are subj
at early times to ionization intensities greater than § r/hr. by events in the 0¥
KT range and areas of the order of thousands of squire miles to fcnization inte®-
sities greater tLan 5 ¥/hr. by events in the ML rauge.  Levels of several tho
Y
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ASUREMENT oF FALLoUT

v ) 9
Ir.i\o of the fallout measurements made by NR)
2) and the Eniwetok Proving Ground ! ';
wald allow ||r}»dictiou techniques to ble steg' ’
for the radiological situations resulting Ty

' conditions (8),
‘alt in the constructio \
¢ - > fn of gamma {
.(tnts 31:\.5 featured the colle&iou of le]:';l;:i
measurement of the gamma ionization ralg
.l(? fnllout.areu with 2 hand sur\"ey‘ meter igp
'l)lg(;'sntlliltxttlslfaﬂgry method of obtaining this'ty
‘ as been deposited on a sol iy
\iﬁzt);ﬁxfegfnerﬂl{{;v been used and rurtl:gr e
s calibrated iu terms of tion'}
ggghx;ltnf:rltam locations for the priu::!:;
al studies. When the f: K
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Stilsllltx-l\)’(éyl):glﬁff certain other measuntzx:::&
. sults. Because of whe
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»tsl'ls e u]se of a radiation sensitive probe W
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gguot e estimated closer than within a factor of 2 or 3 at the present time.

.adent data, suc
'e:,erg_v spectrum wi
.~¢ at @ number of locations in the

.. needet
e @ comp

.o field has usually been measured by means of an Instrument which recorded
rerements of fon
.-it time intervals,
wmples from a known fallout area w

n=ulls h
(~a of severe blast damage tends to build up to a maximum in approximately

wice the time required for the fa
rear ground zero to 24 hours or more at distances of over 100 miles.

-.dioactive decay of fission products may be approximate

1360 br.

RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAXN 261

times for both yield ranges have been measured or Inferred,
than 10 percent of the total affected area was estimated to have
While the probable error for contours from survey
d *20 percent for Nevada KT
events in the Pacifi¢

. at early
ough less
rienced these levels.
on rate measurements has been estimate
corresponding land equivalent contours for MT

of measurements has ben directed toward obtainiug time de-
b as the variation of the gamma field intensity and gamma
th time and the distribution of particle sizes deposited with
fallout area (10, 12V, Such information
1 both to check mode! theory which yields similar results and to pro-
lete description of fallout phenomena. The changing gama radia-

\nother group

ization dose received at its location from all sources within
while gamma energy spectra have been measured on fallout
ith an instrument utilizing a crystal de-
wivf, 4 photomultiplier and a pulse height discriminator (7, 12). NRDIL
ave shown that the gamma radiation field due to fallout outside the

lout to arrive, varying from a few minutes
The

Ir by a straight line of
wpe—1.2 on a log log plot; however the more general case in which several
-duced activities are present, and the fission products are fractionated, leads to
y omplex decay curve. Spectral measurements show the average energy of
¢ fallout gamma radiations to vary from about 0.6 Mer. at 10 hr. to 0.3 Mev.

The determination of particle size distributions with time has required the
¢velopment and application of specialized collectors capable of sampling anto-
: atically over consecutive time intervals from a few minutes to an hour or meoere,
i+ well as special methods and instruments for sizing and counting the col-
~ted purticles. It has been found that particles with diameters between
s and 300 microns predominate in most collections with larger sizes (2,G00-
<o) micruns) increasing nearer ground zero and smaller sizes (20-100 microns)
wereasing farther away from ground zero. In general, data of this kind, being
~are direct, are more reliable for computing fraction of the bomb in the total
Gilout than survey results—although several sources of crror such as sample
a3 11 and radionuclide fractionation, do exist. On the =cale utilized above,
candard error in fraction calculations might be estimated at alwut =+20 per-
cent for the gamma energy and emission rate method, as opposed to possibly
»veral hundred percent by the survey metbod for water surfaces and less than
i percent for land surfaces.

Extensive physical, chemical, and radiochemical analyses have been per-

fU_rmed ou the particulate produced by detonations occurring on the sandy Nevada
wil and ou coral atolls and the ocean surface in the Pacific. The mass of such
zaterial as well as the fraction of the bomb deposited per unit area at a number
"‘f locations has also been determined by weighing collected samples and per-
:'/rming radiochemical analyses. Since fallout ingestion constitutes a separate
lazard frowm exposure to external fallout radlation, and since countermeasures
tid recovery procedures depend heavily on knowledge of the various properties
;‘A' the contawinant, information of this kind is essential for assessment pur-
o303,

)RDL has consistently emphasized measurements of lncal falloot and charac-
fenzatiou of the phenoniena associated with ft. It has been possible, neverthe-
3, to estimate the fraction avallable for worldwide fallout by subtraction of
‘?? locat fallout from the total produced, and this has been found to be some-
‘\.“'_’“g of the order of 50 percent for both lapnd surface and water surface events.
D closer estimate can be given because of the many uncertainties and sources
“possible error in the measurements and calculations.
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EXVIRONMENTAL AEROSOL ANALYSIS

The United States Naval Radiological Defense Laboratory (USNRDL) eo
and analyzes daily aerosol samples for airborne activity of air passing ovgf”}ﬁ
latoratory. Twenty-four-hour air samples have been collected and an N
daily since January 1950, and is a continuing program at the laboratory.
attached graphs present a summary of the long-lived activity and balf-life !
these daily aerosol sawples. Additional analysis on representative ae
samples indicated this activity is due to airborne beta-gamma fission produd
The appropriate dates of the various United States puclear weapon tests::
indicated.

It is observed from the graphs that In 1950 there was essentially no
product activity in excess of 10 ™ gc/ce.  In 1951, the aerosol activity rose di
the Ranger and Greenhouse operations but then dropped back to an aversge
3x10 7 ye/ee.  Successive rises and falls of the aerosol activity are noted
succeeding years. The rises in aerosol activity, fall of 1951, 1953, 1954, 1955,
18956 were not produced by the United States or United Kingdom nuclear .
tests.  Siuce December 1933, the aerosol activity has varied between 10"
10 "“uc/ce.  In other words, the fission product activity backzround was less thil
10 7** we/ce in 1050, but is now around 5310 -¥ uc/cc. The present concentratio
of airborne fission products is at most one-tenth of the patural radiactive &
(radon and thoron) coucentration and is one-fifty thousandth of the industr
maximum permissible concentration for continuous exposure to undetermined
mixtures of beta-gamma emitters. . A
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Naval Rad!olegical Defense Laboratory, 1. Fallout ~ Coursg"-}

USNRDL-TR-127, mapping
A FALLOUT PLOTTING DEVICE, by E.A. Schuert.] 2. Plotters
30 Nov. 1956.19 p. fllus. L. Schuert, B. A,
UNCLASSIFIED II. Title,

A fallout plotting device was developed. The
method requires no drafting equipment and is
ideally suited for field use. At Operation RECWING
{t was found that untrained personnel could quickly
becoms proficient in its employment.

II1. NS 081-001,

‘3
A FALLOUT FORECASTING TECHNIQUE WITH RESULTS OBTAINED AT TR
EN1weToK PROVING GROUND [DRAFT) -

E. A. Schuert, USNRDL TR-139, United States Naval Radliological Def;
Laboratory, San Francisco, Calif, E

ADMINISTRATIVE INFORMATION

g <

The work described herein is a part of the research sponsored by BuShips s
the United States Army and locally designated as program 2, problem 3B, phajeg
Its technical objective is AW-7 and it is described on RDI card NS 081-00L

SUMMARY S

The problem: A fallout forecasting technique is needed to qualitatively g
scribe the fallout hazard resulting from nuclear detonations, This techniqu
should have such flexibility that its employment is valid for field use. Tl

Findings: A summary of the latest experimental and theoretical considerations
has resulted in the development of a technique whose complexity is dependest
on the required accuracy of the results desired. This technique has been satis
factorily tested at the Eniwetok Proving Gruunds for land surface and -wate
surface bursts. i

ABSTRACT

A generalized fallout forecasting technique is presented with detailed comp
tations of input parameters for use in the Marshal Islands. ;

Results obtained at a recent weapons test are briefly discussed by com
of forecast fallout with preliminary measured data.

v

1. INTRODUCTION “1:?-1
Fallout research continues to seek a theoretical working model that will d¢
scribe in detail the mechanism of fallout. Aside from this long-range probles,
consideration must be given to making available a working tool that will mee
the needs of the military for solving fallout problems in the fleld. Such:co
sideration requires a simplified rapld system capable of producing qualitatin
i{f not quantitative results.
Within a program studying fallout at a recent weapons test operation ther
was a fallout forecasting assignment that had many aspects of the pra
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g Activity distribution in source model
¢ great part of the activity was assumed to be concentrated in the lower third
e mushroow. The lower two-thirds of the stem was ignored ; the remainder
(he stem and upper two-thirds of the cloud were weighted lightly. This
ription (fig. 83) of the activity distribution within the cloud appeared most
" ouable il the light of avallable data and logical theoretical considerations.
Ll activity was concentrated nearer the axis of symmetry of the cloud than
gusouter edges.
18 particle size distribution in source model
Al particle sizes were assumed at all elevations within the cloud except the {
~or two-thirds of the stem. However, to obtain agreement with past fallout o 33
sgrements and with the optical diameter of the mushroom, it was necessary '
fractionate the particle size distribution radially within the cloud. Other-
he computed falout area about ground zero would be too large. The
wyctionation was specified as follows: particles of 1,000 microns in diameter
:ed larger were restricted to the inner 10 percent of the mushroom radius or
simately the stem radius; those from 500 to 1,000 microns in diameter
limited to the inner 50 percent of the cloud radius. Since the relation of
wivity to particle size is some function of the particle diameter this fractionation
yods to concentrate the activity about the axis of symmetry of the cloud.

v
wise, &

PN

PN

114 Particle Jalling speeds or settling rales
Computations of the terminal velocities of the particles were based on acro-
psmic considerations for & still atmosphere having temperature and density
ibutions typical of the Marshall Islands atmosphere in the spring months.
Experimental data from past tests at Eniwetok Atoll indicated that the particles
oere irregular in shape and had a mean density of 2.36 g/cu cm, !
Jt can be shown that particles falling at their terminal speed experience three ‘,{ ;
of flow in & fluid: streamline or laminar flow where viscous forces pre-
aminate, (107 2R, £2.0); intermediate flow where inertia forces predominate, \
1$R,£500); turbulent flow where inertia forces predominate, (500 <R, <109).
tiow 8 Reynolds number of 10~* certain corrections must be applied to the i
quations because the particle diameter approaches the mean free path of the |
t:id medium; the region above a8 Reynolds number of 10% is important only in
wllistics. These limiting cases will not be discussed here.
The parameters actively affecting a particle’s falling speed are: its weight, its

tas coefficient, its density, as well as the fluid density and fluid viscosity. j" r, ;
Most empirical equations developed in past experimental work have been for 1 i
cheres dropped in various liquids.  Some work has been done on irregular shaped : ) ,:

neticles and some done in wind tunnels. The equations! used to deterinine ¢
e falling rates for particles in 8 fluid medium follow.,

For Streamline motion, 104 R, <2.0

vk (22) @ (£)7 o

viere 1",=terminal veloecity in ¢m/sec
p=particle density in gms/em?
p,=fluid density in gms/em?
d = particle diameter in ecm
u=1absolute viscosity of fluid in poises
K,=constant incorporating gravity
=54.5 for spheres
=36.0 for irregular shaped particles.

The limjting diameter to which Eq. 1 holds is

d’=(a%f'17,>>m

] i
d'=( 54,4,

grolp—pd)

o

% spheres and

“*irregular shaped particles,
\—

Yl Dallavalle, Mircomeritics, Pittman Publishing Corp., 1048,
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For Intermediate motion, 2.0 £ R, £500 o qherefore the profile of the vert
) asured data to 67,000 feet an
=K, (°=* 1 —m “‘wrun" climatogical data and
o ; rul s with ruckets.
5 — ’
where d,=d—~td ‘ E 53 Pressurc distribution

£=0.4 for spheres ; (3]
£=0.279 for irregular shapes ' iy 1ub11~h¢“1 high altitude mea:

d’ =limiting diameter to which streamline motion applies ° spained ont two oceasions at Oper
K,;=30.0 !o{f spheres ppies 4; Bikint on April 7 and 26, 19:i4

=19.0 for irrcgular shapes, '1‘ aliifude tl)\e pressure was exi
o ) A i . Rty kK feet. greement with pul
The limiting diameter to which the Fe. 2 holds is i ':'\ anod 10 90,000 feet (fg. 5). v

d”:JS',— (__p'-'
°\goulo—p)

d”=51 <—‘“2 )‘/3
go.(p—p,)
for irregular shapes.
For Turbulent motion, 560 £ 2, £10%

—_ /3
e [(52)1]
Pa

Kr=>51.6 for spheres
=50.0 for irregular particles,

)”a B . o e ""‘,"T"-“v‘—"—’

for splieres

5 : The question of particle diameter becomes puzzling when the equatio
5N applied to irregular shaped particles,  Although the equations for irregula
Sy particles cannot be applied to an individual particle, they are assumed

“llS dcﬂncd size.
%' Marshall Islands ahnosphm (4
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for the utmocphcrc conon to the Mnslmll IsLmd area m t]u, spring
Tollow,

It was not possible to use a “standard atmosphere” in this prohlem he

! such use introduced a large error in the particle falling rate at high altity
This error originates primarily because of the assumed isothermal law‘ ab

i the tropopause.

21 1 Tcmpmahuc(Izslnim!zon

lngh a}ntudo\
k March 1, 1954, 0600 M Rikini
March 27, 1954, 0600 M Bikini
April 7, 1954, 0620 M Bikini
April 26, 1954, 0610 M Bikini !
: No data were available above 67,000 feet. Fortunately two of these g
! penetrated the tropopause which was located at af proximsttely 55,000 feet,
extend the measured data beyond 67,000 feet climatalogical averages ® for la
12° North were employed. Agreement with measured datn was satisfacl
execept for the range from 50,000 to 65,000 feet where the climatological | 3
indicated a well-detined isothermal layer. The most xigniticant tinding fromy

.muu\phme wis to be dohnr’d to l"(b 1)()0 foet fmtlu-r ('\ll l])(ll ition was neces e
The only temperature data available at these higher altitudes were take$d
rockets * over White Sands, N. Mex. A plot of 3 points from the rocket’
Justifies to some extent a continued extrapolation of the curve to 120,000 feet,

a——w

-

. ? These equations were taken from refercnce 1; however, certain mnstants have been reeva
¢ 2 lrunt, David, Physieal angd ])\n\miml \[M‘n»rn]np\ the University Press, 1941
; d ¢ Chlef of Naval Uperations, A Study of tLe Atmosplere Between 30,000 and 1
Feet (preliminary report), Septewber 1948, ‘Hy. T, U.-13 operation memo No
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fore the profile of the vertical temperature gradient (fig. 4) was based on

Tlfzrl_(;,d data to 67,000 feet and extrapolated to 120,000 feet on the basis of
“:l:orti"g climatogical dala and temperature measurements made at high altl-
i ) rockets.

;2 Pressurc distributlion

rub

1ixhed high altitude measurenents of the pressure distribution were
on two occasions at Operation Castle. These measureiments ®* were made
i on April 7 and 26, 1954, and were not taken above G5,000 feet. Above
le the pressure was extrapolated as a straight line on semllog paper to
Agreement with published rocket data from White Sands, N, Mex,,
Jasgood to 90,000 feet (fig. 5).
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$Hy. T, U.~13 operation memo No. 14, April 37 14931,
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2.1.5.8 Density distribution :
The density distribution of the atmosphere (fig. 6) was calculated from B¢
perfect gas law using the above pressure and temperature distributions, - .-

i
P=RT

where the gas constant was taken for dry air. This assumption of no molsture
the mixture introduces an error of several percent in the lower layers of the
atmosphere where the relative humidity is high; however, it can be safely negl

As well, the latest theorics on the composition of the atmosphere indicate 1t o
constant to altitudes above 150,000 fect which justified the assumption of 8 ¥

varying gas constant.
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(<4 Viscostty distribution
£7o7 ariation of absolute viscosity with altitude was computed from the
ved temperature distribution using Sutherland’s formula,$

chse
mu, (B 118y (Y™
=% 71112/ \T,
—0.01700 (317 (4}
u=0.01709 t;+114) (273.17)

ghese i equals temperature in degrees Kelvin and g is viscosity In centipoises.

+.<> data are plotied in figure 7. )
“Ie data on pressure, temperature, density, and viscosity in 1,000-foot intervals
w 15),000 feet are summarized in table 1.7

TspLe 1.—Table of temperature, pressure, deasity, and viscoscity of the
atmosphere ovcr the Marshall Islands during the spring

//'
Altitude (feet) Temperature Pressire Density Viscosity
°K (Mb) (g/fcm?- 103) (poises: 14

1,008 1.17
480 L3
250 110
430 1.06
H00 1.03
870 10
850 W97
&20 L
800 .
770 .83
740 .86
A L83
690 .80
650 .78
610
620
590
570
&
80
S0
450
40
44
4
411)
a5
370
355
340
400
419
300
930
20
200
2445
235
225
215
295

1%5
175

150
145

130
125
115
110

100

Ik N kot b Bt Vot Bk i prt (ot ek Dok bk Rt bk b bt ok (et bk bk bk bk bk bmh b bk 1 Bl B bk bt b 1k bt e b S bk b ok b (o ek Bk ek Ak ek Bt ek Bk Bt

sonian Physieal Tables, 1954,
eat deal of excellent upper air data for the Marshall Islands was ohininad at Operation Redwine tn

“*. Reduetion of these data will result In 8 much better deseription of the Marshall Islands atmosphere
L-i2 Lag been previously avallahle.
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Tavve L—Table of temperuture, pressure, densily, and viscosity of the!
atmosplicre over the Marshall Istands during the .\’[l}l)lj——(_,()ll“nued

Altitude (feet) Denslly

(jems19)

Tcmlwr:ntun‘ Pressure
K (Mb)

19 15
101 L
hRtad 1 )
143 e
14 I
1045 TA
107 Wl
14N (8
’ - 1w [}
64,000 [
65,000 I
6,000 I

7,000
£8,000)
[BIXTE N
TOO000

(2]

R Den

ot sttt E T Y- X P IS PRy

PSR DRI LI A D D

2.1.5.5 Terminal velocity computations .
The average falling speed through 5,000-foot layers was computed for 4 parﬂcle
sizes over ap altitude range from 0 to 120,000 feet. In these computations all
in-flight transition of the particles from streamline to intermediate flow had
to be considered through use of the plot shown in figure 8. ‘3}
KR
o
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wihin tLhis limit. Table 2 presents the falling speeds computed for the 4 &i

Tables 3, 4, 5, and 6 display the cumulative time of fall from a given altitude
fur these particle diameters,
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TasLE 2.—Falling speeds ag a function of altitude
[Falling speeds (foot-hour)]
Altitude 75 100 200 850 Altitude 1 100 00

3,000 | 5040 | 11,700 | 1,600 7,480 m.lmi.f'
8,120 | 5240 | 12,300 | 22,900 7,820 | 27, 600
3,200 | 5480 | 12,900 { 24,100 7,150 | 28,100 |-
8,270 | 8,750 | 13,700 | 25, 500 6,060 | 27,800
3,360 | 5,080 | 14,400 | 27,100 6,770 | 27,100
3,470 | 6,160 | 15,300 | 28, 800 8,640 | 26, 500
3,570 1 6,380 [ 16,300 { 80,800 8,470 | 25, 800
3,720 | 6,640 [ 17,500 | 33,000 6,340 | 25, 300
3,870 | 6,910 | 18,600 | 85, 300 6,180 | 24, 800
4,040 | 7,200 | 19,800 | 37,800 6,050 | 24,000
4,210 7,520 | 21,4} 40, 600 5,930 | 23,700
4,420 7,800 | 23,200 | 44,0600 5,800 | 23 400
4200 ] 7,700 | 24,400 | 47,200 :

TaBLE 3.—Cumulative time of fall for the 75-u particlcs

[Cumulative time of fall (hours)]

Starting 120to | 11510 | 110to [ 105to | 100to | §5to | G0 to | 85 to
elevation 115 110 | 305 | 100 05 9% 85 80
feet 1073
120 to 115, DI PO RO DU NS S U
115 to 110 3.01
110 to 105, . 4.46 )
8831 436 287 142 .. .
.27 426 1.3 |...... )
8.63 5.62 275 1.36 [....... >
9.96 6.95 408 268 1.33
. 8.25 538 8.00| 263 1.30|...._.. :
9. 61 6.64 | B.25| 3s9| 2.5 | 1.26 [ _____. D =
10. 74 7.87| 6.48| A12| 3.79| 249 123 [____ ] =
1194 0.07| 7.68) 632 499 369 243 Lo2o|
13.13 10.26 | 887 7.51| 618] 4838 862 230 1%
14.29 11.42 [ 10.03 | B67 [ 7.3¢4] G04| 4.78] 355
15,45 128 (11,19 | 9.3 | 83| 720 &4 | 4N
16. 66 13.79 (1240 { nos [ 071 ] 841 7.15] 592
17.92 1505 [ 13.66 | 1230 [ 10.97 | 9.67 | 841 ] 718
19.24 16.37 | 14.98 [ 13.62 [ 12.20 [ 10.99 [ 0.73 | 850
20. 61 17.74 [ 16.35 | 14.99 [ 13.66 | 12236 | 11.10 | 9.87
22.03 10.16 | 17.77 | 16.41 [ 15.08 [ 13.78 | 12.52 { 11. 29
23. 49 20.62 | 19.23 | 17.87 | 16.54 | 15.24 | 13.98 | 12.75
25.00 22.13 | 20.74 [ 19.38 | 18.05 | 16.75 | 15.49 | 14.28
26. 54 23,67 | 22228 | 20.02 | 19.59 | 18.29 | 17.03 | 15.80
28,12 25.25  23.86 | 2250 | 21.17 | 10.57 | 18.61 | 17.38
29.74 26.87 | 25.48 | 2412 | 22,79 | 21.49 | 20.23 | 19.00

Btarting
elevatlon
feet 103

60 to 55 55

|

to 50 50 £0 4545 to 40 40 t0 35,35 t0 30 3010 25 25t0 20

20t01515t010/ 10t0 §

120to 115, oo e | a

115 ta 110,
110 to 105,
105 to 1)
100 1o 45
O to B0,
0 to K
R to MY

40 10 35,
35 to 30_
30 to 2
25t 0,
200 ta 15
1510 10,
T to b o
Ltoo.

8 1. .-

. 2.47

N B.63

. 4.05

.48 ] 6.32

90 | 7.74
10,36 | 9.20
11.87 1 10.71

2
e Lt i
BIRLBYRER

5
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- 3=1]
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TanLE J.—Cumunlative tintc of fall for the 100-u particlcs

[Cumulative time of fall (hour)]
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TasLE S.—Cumulative time of fall for 200-u particles

[Cumulative time of fall (hour)}
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Etarting 120 to | 115 to | 110 to 9 to [ BSto
elevation 115 110 105 80
feet 104

I2to 115 _.

115 to 110
Il to 105
105 to 100
tn o us.
5 to 90
™ to 85

5
(X}
>
[

8] 3@
6

161 395
5) 4.2

4. 86 4.65
5.24 5.03
5. 64 5.43
5.85

34

58
&4
12
42
74
08
44
82
2
64
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6010 55 55 to 50 50 1o 45

4510 40 401035351030 30 10 23 25 L0 20 2) to 15 15 to 10
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’
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[20to | 115t0 | 110 to | 105 to

":??!lirt‘»gx 115 110 103 pUIj
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0.07
14
.21
27
L34
.40
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S
68
.52 .
N .7
L9l .
102 L0
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120 L
14 L4
L56 | 1,49
L72| L65
1.8 Le2
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wrticlcs TABLE 6.—Cumulative time of fall for 350-u parliclcs

{Cumulative time of fall (hours)]

|

120 to 115to]lm|o 105t0 1 100t0| @5to | 90to { BSto | Bhto | 75to [ 70to | 65 to
15 110 [ 105 w t 2] wW 85 80 7 0 65 60

P

grartinZ
pevatien
foet !

o

o 115 e
S n

.75 .57 K . . Wi . . . .

.00 .78 Rl L . . . ¥ L

.18 1.6"3 'S‘; ; } 124’ 1. o I aad | a2 33
421 1241 Yos | WES Lo | Lz iy sl ml o Tes| sl L
68 [ 160 132 [INE Lal| L 1 94| ki | oy ) o
o 1.78] 16| = LA | 14 1. RN NI 3 44
ety 2.08 1. 90 1.2 1. 1 YL 117 1.9 1.00 .M
5 2.40 | 222 L8| 1t 1 a2 | usa| L] 17| Los
02| 274 2881; 2.07 | 2 1 i L60 | 152 L44] 1.35 1
.28 310 29[ 2o | 2 1w L7yl LIlf 163 | LA L4
66| 348 330 ¢ 285 | 2.3 21 Cree] Lo L] oLw| 1w
M| 3.8 370 267 ] 2 2. 2] 212 204 Le5| L
8] 430] L1zt 269 | 28 2, e 23] 2236 207 2w

—_—

' byl 2 Starting ' !
11515t0 10/ 10to § cevation 6010557510 50 30 10 45 4510 £ 40 t0 35 351030 30 10 27 25t 20 0 ta 15,1510 10, 10 ta 5{ 510 0
= i feet 1) ( [ . ;

o 118,

i
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Mav 24, 3057

ECHNICAL PRESENTATION FOR THE JoINT COMMITTEE ON AToMIC ExNkrcy I,
INGS ON THE SUBJECT, THE NATURE Or RADIOACTIVE FALLOUT AND ITs Eyyy,+
oN ManN, May 27-29 axp JUNE 3-7, 1957 '

Specifically on—

Topic VI. Atmospheric Transport, Storage, and Removal of Particulate R, ,
activity

Topic VII. Local Fallout

Topic V1II. Delayed Fallout

Submitted by James G. Terrill, Jr.,* Chief, Radiological Health Program, |-
sion of Sanitary Engineering Service, Public Health Service, United $iy-»
Department of Health, Education, and Welfare

¥I. ATMOSPHERIC TRANSPORT, STORAGE, AND REMOVAL OF PARTICULATE RADIOACT(v—~

Public Health Service fallout activities have emphasized the collection of &y
on the actual exposure of people which data can be used to modify operatii -
procedures to reduce the exposures and to serve as a basis for studying possie
chronic radiation effects.

B. Local fallout

Local fallout is initially of concern as an acute external gnmma or beta irrals
tion hazard. For this reason our off-site radiological safety operations in Newia
and in the Pacific are based on external gamma readings obtained with port.e
survey instruments. This system of operation is based on the assumptien
beta concentrations during this period are substantially in proportion to the ;s
ma intensities. This assumption has been confirmed, in general, by results «
beta measurements of air samples collected during the fallout periods in Nevaa
Local fallout may, and has become of concern as an internal beta emitter after 3
decay to a level at which the gamma irradiation is no longer of concern {re
the standpoint of acute effects. Up to this time the Service has not attemptel s
measure alpha concentrations in local (or delayed) fallout although the awwsa
are presumed to be low.

A report of local fallout sufficiently detailed to be used for public health pe*
poses is the Report of Off-Site Radiological Safety Activities from Operation Tee
port conducted at the Nevada test site in the spring of 1953, prepared jointly ¥t
the Las Vegas Branch Office of the Atomic Energy Commission and the Puls
Health Service.! Comments concerning the predictability of local fallout s
observed patterns of local fallout will be based on this report.

The Teapot report outlines Public Health Service responsibilities and the s3@
porting services, including air support, provided by other agencies.

Data gathered during this operation make it possible to:

1. Compare predicted fallout with the fallout as it actually occurrm] i
2. Compare the radioactive cloud path with the deposition of activity #
the ground ; and

3. Report on observed patterns of local fallout in terms of external ga==*

radiation. -
1. The predictabdility of local fallout.—Fourteen devices were detonated d‘;;.
Operation Teapot. In reviewing the data on predicted and measured fallout i

these detopations, it was found that in 5 cases the prediction is in §Hl'>“~;"b:
agreement with measured fallout, while in 6 cases the actual deposition ¢ =/
cut was significantiy at variance with the prediction. Three devices “t""(’
detonated and no fullout prediction per se was used. Chart I illust.mtcs':ux
where the fallout prediction compares favorably with the fallout which ¢ .
occurred. Chiart II shows a typical deviation from the predicted falluut,
chart 111 shows a major deviation from the prediction.*

enstoe”%

e ;radnated from the University of Clneinnati in 1927 with a d(‘:rnn‘In eivil e
Ktudied public health engincering at the Massachusetts Institnte of 'lvchnolt);dm
School from 1938-41. Since 1941 he has been active in the Public H"“m."?’“mpi-i“"
ticipated §n the first Bikini tests, Durlng the period 1948-51 he :«'tuqu.c “- e ]
defense under the sponsorship of the Armed Forees special weapons I'T“J?‘f.“,'m.j [t i
Navy Postzraduunte Schoel and the University of California, e l'ﬂr,t“!'ﬁL' rest S5
direeted the Public Health Service activities related to the Nevada and In‘;} ciets of *
tlons during 1953-57. Active in radiological commbittees of the American »{3.”_".-“ ) :
Engineers and the American Public Health Association.  Member of thi,;“'.ric:n st
mittee on Radiation Protection and the Nuclear Standards Board of the ision of s
ards Association. Prescntlf chief of the radiological health program, Divis
Engincering Services, Public !

1 Report of Of-Site Ladivlugical Sufety Activities, Operation Teapo
spring 1055,

t, N

ITenlth Service. (Submitted hy witness.) evada test -
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tment, such as ion exchange removal, {n-reases tremendously.  The reqnire-
peats in treatment materials in quantity alene is probably prohibitive. At the
b t time we cannot state that moedern water-treativent methods applicable
gthe generul population offer substantial protectiou zzuinst fallout.

BIBLIOGRAFPILY

WEieport of Off-Site Radiological Safety Activities, Operation Teapot, Nevada
[Wsite, spring, 1955.  (See below.)
Unpublished report, Radiation Exposures Received on Populated Atolls as
kalt of Operation Redwing.  (Sce p, 441.)
[Onpublished report, Report on Experimental Film Badge Study During
Beriiting Redwing. (See p. 452.)
s Unpublished report, Brief Review of the Public Health Surveillance Net-
"May 22, 1957.  (Sce p. 459.)
he Distribution of Radioactivity From Rain. by T. R. Setter and C. I.
b, presented at the American Geophyzical Unien meeting, April 29-May 1,
Washington, D. C.  (Sve p. 466.)
safe Emergency Instructions fer Dopulated Islands, JTF-7. (Sce

L 1684, Radioactive Waste Dixposal Research, by R. J. Morton, et al,,
,'I'—GO, Health PI’hysics Division semiannual progress report for period
g January 31, 1054,
olumbia River Studies.
I nterim Report on the Savannah River Studies, July 1051-July 1952, United
. Department of lealth, Education, and Weliare, Public Health Service,

i Limitations of Water Treatment Methods for Removing Radioactive Con-
gnants, by C. . Straub, Public lealth Reports, No. 70, 897 (1955).
] “e Detectability of Low-Level Radioactivity in Water, by A. 8. Goldin,
ERNader, and L. R. Setter, Journal American YWater Works Association,
ffie 45, No. 1, January 1953,
iMeasurement of Low-Level Radioactivity in Water, by L. R. Setter and
. ,ldjn, Journal American Water Works Association, volume 48, No. 11,
nber 1956,

apublished office memo on Measurement of Radicactivity in Water,
xSilts, and Biological Materials, by J. E. Flanagan, Jr,, January 30, 1957.

. .

) OFF-SITE RADIOLOGICAL SAFETY ACTIVITIES—OPERATION TEAPOT, NEVADA
i o
TEST SITE, SPRING, 1933

'or the Test Division, Santa Fe Operations Office, United States Atomic

P Commission ; prepared by J. B. Sanders. Branch Manager, Las Vegas

Office, AEC; O. . Placak, Off-Site Radiological Safety Officer, PHS;
Qjarter, Deputy Off-Site Radiological Safety Officer, PHS

PURPOSE

pose of this report is to present a concise summary of off-site rad-safe

} during Operation Teapot and to serve as a source of information to

ted AEC and health agency personnel. All pertinent data necessary to

B the exposure effects of the operation in populated areas are included.

gluterests of brevity, selected data only are given for nonpopulated areas.

jete monitoring logs and detailed film badge results covering these areas
ever, available from the files of the I.as Vegas Branch Office, AEC.

TLAN OF REPORT

eport is composed of the following general sections:
AAXC radiological criteria for the protection of the public,
BUff-site Rad-Safe Organization,
gethods and equipment used.
kublic relations.
mé of individual shots are alse included.
} Individual sections cover the following materials: A summary of moni-
gfuns and dosages, airway closures, cloud tracking, aud low-level terrain

LG
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{ letter Longitude Georef letter Latitude
"—fr -
' - 120°00° W,
_| 1recow
115°00" S 32°00°N.
HeEK -| 35”007
116°00° .| 3100’
115°00 | 3500’
114°00° R0
.| n3ewr _| 300’
112°00° - 3set”
11°0y 30een”
e’ 0%
e’ 41°00"
| UR L 4%
107260° R Xt
106°00°

'Iy,‘the 2 groups of 2 members each denote, respectively, minutes of

wg‘g and minutes of latitude within the 1° quadrangle specified by the
ETO To provide an example, the coordinates of Las Vegas are EG 5120.

Iter ETOUD. ] >
el jdeptification of the 15° quadrangle (EJ) is omitted for the reason
gly stated.

tifies the 1° quadrangle.
tifies the Georef minute of longitude.
dfntifies the Georef minute of latitude.

2
ak
»

(*IoN ExpoSURES RECEIVED ON POPULATED ATOLLS AS A RESULT OF OPERATION
] REDWING

Operation Redwing 4 gamma intensity readings daily were taken at
gt off-site atolls utilizing a radiac meter AN/PDR-27F, calibrated against
d consisting of 7 micrograms of radinum. Following each test, hourly
iwere taken for an interval of time dependent upon fallout forecasts,
LR tions at and following test time, cloud tracking, and readings obtained
URRIO] The attached tables and charts show the weighted daily averages
; fres dings for the atolls at which stations were maintained.
~ARNImated cumulative exposure of the populations of these atolls resulting
EREPation Redswing has been computed based on these meter readings. Net
{above preoperation background) have been utilized. Where a residual
Erémained at the time the stations were inactivated, the 70-year exposure
esidual was computed based on the equation LT,™*=LT," Basedl
ble decay data, k=1.2 was utilized. It will be noted that the last day’s
Ujeltmg was 1.5 mr/hr. This was due to the test of July 21. The
ftecord shows that fallout had stopped and radiation intensities were
B at the time the station was Inactivated. A reduction factor to de-
Eite tive biological dose was not utilized as conditions under which the

five are not believed to warrant the commonly accepted reduction fuctor.
jlons involved are attached. On this basis, 70-year external gamma
“ ling from Operation Redwing are as follows:

piang Atoll: 560 mr.
Brik Atoll: 53 mr.
ho Atoll: 616 mr.
N ck Atoll: 853 mr.
’ _Ched is a plot showing AN/PDR-27F readings at JTF-7 Headquar-
ety Island, during the period July 21 to July 23, 1956. On the basis
ures, effective external gamma doses to various periods of time have
ated as follows :
b days: 345 R.
b days: 5.7 R.
Yyear: 7.95 R.
Bity dose: 12.45 R.
‘;E‘ ons are attached.
®—37—pt. 1——29

3




RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAXN RADIOACTIVE FALL
Duaily average rendings |
E R 1
¥ Date Ulelang| Utirik | Wotho Rnnk» Date Ujelang| Utlrik | Wothg | ;
gers C
Rl M
T 01| oozf oo 02 3 - —
.05 .03 . .02 25 .
. i .25 .03 4.5 .06 .25
) ' = .o .26 .26 .15 .
By ;. .3 .3 L0 .15 3
i i .15 .3 .85 % .2
el i June 3.. 13 02 .75 11 .21
I ki June 4. fo...... 020 L 11 Iy
:;-; [ June 5 T2 5 m I
A June 6 y L0 s i
1 June 7 LU8 by
1 1 June* os R 3
June N [P It 'y e oo -
June i i ;
<5‘ June I . BN 11 ”
It June 2 BLE N H
ty June MOy 15 L2 ‘
% June L2 05 L
8] June L4 [} Lt
‘ June 5 NEM m
June L IS e
June NEi 4 AL
June ! 3 S5 (5
June - L2 [1}] (5
June 2 L2 .M s
June .03 L4 NP
June A2 L4 s
June 3 W3 W [ duly sl WS e

<

I I — S




0N MAN ’ EFFECTS ON MAN 41

-y T
- Utirik
f

© ) 4 <
- [

J4/0w — SONIGY I 39¥E3AY AV]



O AT Ll ol st 0

L
=

e -

=

B

o T 2

S s, epeiey i S -

i

b
!

AT RIS S T T e TNt Nk

ST . -

444 RADIOACTIVE FALLOUT AND ITS LEFIECTS ON MAN

Cumulative exposurc computalions—Ujclany

Rate mr./br. Days Dose mr. Rate mr./hr. Dass

—

B B vt b B S bt i G

TEWA H=210000 M

210000 M = F14-66 hours=2.75 days
70 vear dose alter thls time=approx. 430 mr. assuming [:Ty- 2= 1,Tr 12
Total 70 year dose=130+43C= 560 mr.

Fate ahove preoperation background ol 0.01 mr./br.
Throash July 28
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Cumulative cxposure computation—Utirik

Rate ! mr./hr. Days Hours | Pose mr. Rate ! mr./hr, Days Hours | Doser:

102
218
24
144
43
72

TrmaOm—
8BEBLS

! Rate nbove preoperation background of 00.2 mr./hr.

Assume D=June 27
7i-vear dose from July 23=approx. 17 mr.
Tutal 70-ycar dose=36+17= (3 mr,

Y

A e e————y

R D LR
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N |
1—Utirik
hr. Days Hours Doser, 1
—
2 48 4
2 48 3
2 48 3
2 48 2

........................... 3.
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Cumulative exposure computation—iWotho

Kute Y mr/br.

Days Hours Dose mr. Rate ! mr/hr,

Days

[
H-H0d

v
Torenr dose=70mr

€ 4 e RO KD et KD Rt e s

Tote] Tuyear dose =546-F70 =616 mr.

1 Above preopreration level of 0.01 mr/hr,

3 Through July

Y56,
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Cumulative erposurc computation—Roygeril

Rate ! mr/hr Days Hours Rate ! mr br.

} Above preeperation level of 0.1 mrihr,

t
i
|
|
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DOSE CALCULATIONS FOR PAERY ISLAND

Accumulated dose to 220700 M was 0.61%
At that time decay started with the decay constant K=—1.2
Personnel leaving at II4-5 days wil! receive:
16—12+0.6=46 R
If this is reduced by 23 percent, the effective dose=3.40 R
Permanent personnel will receive:
For tirst 15 days:
16—9+0.6=76 R
Effective 15 day dose= (0.73) (T.6) =57 R
For 15 days to 1 year:
9—45=15 R
LifTective dose=(0.5) (4.5) =225 R
Total eftective dose to end of 1 year=795 IR
Irfinity doge for permanent personnel :
TLS+L0=1240 1

Rerent oy ExperiMENTAL Iiny Bavee Stopy Diowixe Oreearros Brpern
Ocroisrr 1, 1006

During Operation Redwing the Public Health Service group had phamel
an experinmental basis, to utilize film badoes on the ofl-ife atoils of Ut:
Ujelanyg, and Wotho as a methoid of securing a tigure for total radintion dos |
oit these islands.  Arrangements were made for the procareinent, Transportafi

and processing of film badges with task wroup 7.1 radsafe personnel ol G

gronp 7.4 nuclear research officer, Lt. W. J. Jamesan.

The tirst group of film badges, enclosed in rigid, transpurent plastic coniin
were exposed for a period of approximately D0 days N\ secoud groun was >
cut to the atolls and exposed for a period of aprroximarteiy 15 i~ W
these films were developed and read, it was found that the resudis wre n
hizher (up to 5 to 10 times) than would be cxprated on the basis of s xnoos 7

Taorm1a

computed from instrument readings taken at the atolls CAN/PDRZTE 2o
counters were used).  On examination of the hlms, vater marks conld e cied

sven on most of them. It was theorized that heat or moisture, or both, wis &

ciause of the high readings.

Capt. B. I. Purcell, task group 7.1, arranged to have some special him b
prepared.  One lot was prepared by having the fila packet dipped i Ceres
wax before sealing in the plastie caxe (referred to in this report as i
Liardees™), The second lot was prepared by dipping the entire s v
ufter the uncoated film packet was seafed in the pastic vase (referred o in
report as “‘case dipped badges”).

Pretiminary work done on these badzes by exposing them alternately to s
and then placing in a refrigerater indicated that they were more resistant’
moisture than the regular badzes. It was decided te place approximately =
eich type on each off-site atoll, bringing in 3 sets fram each atoll each week €
the reliable life of each type of badge in the field could be determined. (Onl
as many film dipped badges were available as the other two types)
tunarely, for the purposes of this test, the operation terminat <1 hefore ife -
be completed. 1t is believed, however, that sowe tentative conclusicns Gt '
reached from the results ohtained. ..

I'ilms were collected ofter approximately 1 aiud 2 weeks' exposures. -
balance of the films were collected after approximately 3 weeks” X7
Leadings taken on the films were compitred with caleulnted doses Das
instrument readings taken during the same perieds, Tubulations of the v
are attached.

It ¢nu be seen that the doses received during the trst week are too Tow
reliable resalts on the film hadees used, while exposiares received durii-
tirst 2 weeks nre just nt the borderline of sensitivity, A1l film bidees apl
to be satisfactory after 1 wevk, but after 2 wecks the regulae basses ©
showing signs of moisture penetration. After 3 weeks, almost all the 797
baduees, while none of the film-dipped or case-thipped badges, were watermar

Estimating the dose to which the films brought in after 3 weeks were €387
fs conmnlicated by the fact that Parry Island had a wamma radiation 19"\""
20 to S0 mirshe at the time the fils reached there. Fhus, it has been neer,
to estimate exposure received at Eniwetok Atoll prior to development. >

NRORS
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evel, 8 study of the resnlts on these badges is believed to indicate a trend.
Attached are curves showing the distribution of results for each type of tilm from
each atoll and the results for each type of film from the three atolls combined.

, Copsidering this latter curve, if one considers results within 50 percent of a
#rie! (in this case, calculated) dosce to be satisfactory, it can be seen that
g3 percent of the film-dipped badges and 60 percent of the case-dipped badges fall
withn this range, while only 19 percent of the regular badges meet this criterion.
fhis'is admittedly a limited sample, hut the results are believed to warrant the
following conclusions and recommendations :
.1, Climatic conditions at the Pacific Proving Grounds have an adverse effect
en ordinary filmn badzes to the extent that they caunot be relied upon to give

gtisfactory results:

192, If possible, a study should be made to determine the reliable life of wax-

eated film badges and possibly other types of dosimeters)

under climatic

enditions similar to thnse at Pacific Proving Grounds prior to the next test
peries, -If this ix not possible. such a study should be conducted at Pacitiec Prov-
Ing Grounds durinu the next series,

3. For area monitoring of this type, a more gensitive film should be included
fn the film packet.
¥ vigaw .-

Erperimental film badges—TU jclang Atoll

Date out

Date in

|

Time
exposed,
in days

l Ind:aated dose, milliroentgen

‘ R(-r;ﬁ)rl C.D. ' F.D.

'

Calculat-
ed dase,
mitil-
roentgen

Z July 4, 1056

July

10, 1976

1A ' O !
il 30 30
T 0 U

Erperimcatal film badges—Ultirik Atol]

<
S
16
"
113
113
143
143
143
143
144
133
143
143
143
133
113

i Time ? Indieated dose, rilliroentgen  Calenlat-
Date cut Diate in exposerd, | terd dase,
in days 1 1 milli-
| Recular | C.D. F.D. !roentgen
Juiv R 1V July 14,1056 H
Lol ; T ol B

o unknown cause.

.wbara(oly from oil:er films exprosed durlng this same pericd.
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Eeperimental film buadye s—Wotho Atoll

Etation No.

Datc out

Date in

Time ' Indteated dose, mr, ‘

exposed,

in days

i Regular

C.D. l F.D. ‘

6

1 Fili watermarked,

30

30
170
130
130
130
130
130
130

Cales
ed .
m

—_—
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Atoll

indleated dose, mr,

lnr‘ C.D. l F.D,

20 30
0 3
10 10
18 1
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semination of radioactive material from nuclear test areas outside “op

continental United States, and the levels of activity which might %‘

popnlated areas in the United States as a result. At many of the field |1

sites, there has been almost daily contact between the State bealth dep;aM

and the newspaper services, Y
PRELIMINARY RESULTS

During the entire 1976-57 sampling period, external gamma background
tion measurements have remained practically constant at all sampling m’&:
Depending upon the locality, the background varies from 0.01 to 0.035 nty
roentgens per hour and, in general, is typical of that locality, B

The beta activity of the particulates in air, having gross radioactive balflh.
longer than several days, showed minimum average concentrations v freg
0.5 to 1.0 uue/M?* at the time of measurement (3 to 5 days after collectiog)
An exception was Alaska, where minimum concentrations were about: one-frg
or one-tenth those in the United States and ITawaii. Cein

Jefore, during, and well after the period announced as encompassing One
tion Redwing conducted by the United States at the lacific Proving Growy
in 1936, maximums of air concentrations were noted at all sampling sty
each lasting from several days to more than a week. The highest value, %%
micromicrocuries per cubic meter of air, was measured in Honolulu, with equally
high values being observed in Austin, Tex.,, Indinnapolis, Tud., Springfield;
and Gastonia, N. C. The latter 4 occurred about 535 days after the annou
termination of the United States 1936 tests at the I’acific Proving Ground,"_“
it is difficult to associate these maximums with our tests, because of th'e‘h
time interval, ,'-‘7*-

Table 1 and figure 1, accompanying this report, illustrate the shift to highe
air radioactivity levels at areas east and west of the Mississippi River, n
lonolulu, and in Alaska, with the passage of time. The most significant shig
to higher air activities occurred after September 1, 1956, at least 30 days afte
the annonnced termination of our test operations. .

It has been possible to analyze a number of the samples find the approximaty
date of formation. It should be realized that this method indicates, withiy
limits, the formative age of the more recent fission products in each sample, and
is not intended to assess more than the short-term significance of the gross bets
radioactivity.  TFigure 2 illnstrates the results of this procedure, and strikingly
shows that the major portion of the intermediate half-lived fission prodoets
which were samples in the United States could not have resulted from announced
test series conducted by the United States.  During the 19537 operation all samples

will bhe dated.

Nince January 1957, and continuing until the present time, air activity levels

meaxured in the United Stafes have been substantially hicher at all locations
than for comparable periods in previous years by a factor of about 5 to 10. The
radiation samples, when dated, show approximate formative nges coinciding to
a degree with publiely announced foreign nuclear tests.  The effect is most notiee
able in precipitation sample, as described in The Distribution of Radioactivity
From Rain, by Dr. Lloyd R. Setter and Dr. Conrad P. Straub (presented foe
publication proceedings, American Geophysical Union Meeting, Washingtom,
L. ., April 29 to May 1, 1957). '
‘he National Committee on Radiation Protection, in NBS IHandbook 52, bas
suggested 107 ue/ml (1,000 uue/M™) as the provisional level of permissible con
centraticns of unkown mixtures of beta-emitting radioisotopes in air. L
it is reduced to 10 percent of that value as suggested for large population groupk
namely, 100 uue/M?, we realize that the measured levels of beta radioactivity
in air, while generally below the recommended value, are more often approach
ing this level as time goes on.

.

Radiation survcillance ncticork stations and operutors

1-1 Hartford, Conn_________________. Omer C. Sieverding, assistant directof
Bureau of Laborufories, Connecticat
State Departinent of 1iealth, State
Oflice Duilding, Harvtford, Cound.
1-2 Loawrenee, Mass_ o _________ James I Dalias, associate sanitary
engineer, Massachusetts State De-
partment of Health, Locm 311, State
House, Doston, Mass.
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1ADSAFE EMERGENCY INSTRUCTIONS FOR POPULATED ISLANDS
R

ne commander, JTF-7, has designated a representative for each off-site
<o outside the PPG. For the populated islands near the PPG, the repre-
ol e is responsible for the radiological safety of the local population and
gembers of the task force. .
* “The representative of the task force commander i8 provided guidauce as
:,',,\ The Marshallese macistrate and irou if on hand and the Marshallese
pealth aid and council on each atoll or island should be :15:sured that every
srecaution has been taken to prevent exposure of the natives to radiation
pazards resulting from fallout.
b the representative will consult with the local magistrate to insure
¢ 2 method exists wherehy all residents of an atoll may be summoned to a
Leniral Incation and evacuated by air or water transportation if a fallout
\lmer!lt'ﬂ“y exists, A fallout emergeney will be determined by the com-
wander. JTI-7; however, the local representative will assume that a fatlout
emerzency exists at such time as radiological survey instrutinents, when held
ar a position 3 feet above the ground, indicate a rate of 1r./hr.

() should evacuation by 2ir he necessary, haggage will be limited to that
which each individual can carry or approximately 50 pounds. Whether
evactiation is nchieved by sea or air, no animals will be evacuated. A tahu-
jation of animals left behind should be made as soon as possible to insure
the aeenriey of ¢laims against the Government.

) The loeal magistrate should be informed that in event of an unfore-
seent entergency, doctors will he flown from the United States by special air-
1ift to care for local inhabitants who will be evacuated to Kwajalein Atoll
and that evacuation plans are in existence to permit the task force to cope
with any emergency.

ve) Fallout of a dangerous nature can he suspected by the presence of
a saltlike precipitate or unexpected mist. Should such an event take place,
ir shoulid be confirmed by menitoring.

~ The representative will arrange throuzh the local magistrate and native
o aid oo inform the Marshallese of the basic health measures that they may
“ae Lo Protect thiendselves from danger in case fallout is suspected or confirmoed.
These niexsures are:

{7} Remain indoors or under cover to protect themselves from the falling
or settling radioactive particles,

(b) 1f particles settle on clothing, dust and shake off clothing.

(¢) Iiathe aud keep clean. Particular attention should be given to wash-
ing under the arms, the groin, face, and hair.

(d) Keep food covered to prevent ingestion of fallout particles.

(e} sShould the readines exceed 5 r./hr. it is recommended that the na-
tives be advised to stand out in the water (ocean) and immerse themselves
as often as practicable or keep themselves under water. This recommenda-
tion is based on the fact that water does extremely well in attenuating

radiation.

i

i\ report of the Radiological Health Branch, Bureau of State
~rvices, Public Health Service, 1s inserted at this point in addition to
e material submitted.)

Raniorocicar Heartn Brawci,
BUREAU OF STATE SERVICES,
Pusric HEALTH SERVICE,
October 1952,

StaMary or TiE RErowien RaptatioN ExprostrRe 18 THE UNITED STATES
I. INTRODUCTION

TI}H prozram of the Radio'ugical Health Branch, Public ITealth Service,
= livceted toward preventing the fmpairment of human well-being froun acci-
al or unwise exposure to harmful amounts of ionizing radiations and toward
wifovement of heaith through Judicious use of these radiations.  This program
_’- best be accomplished through cooperative efforts of the Radielogical Health
~heleh and the State and local health agencies,
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¢y Dalber, David, Tnstrument Lvaluation and Air Sampling, Health Physies
Srpee Seminar, Februnry 6210, 1950, TID=-388, pagres 922095, United States
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The committee will stand in recess.
(Whereupon, at 12:30 p. m., the committee recessed, to reconvene

at p. ., of the signe day.)
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Representative ITortrieen. The committee will be in order.

There will be a ¢licht change in order of the witnesses hy aaree-
ment.  We will askk Dr. Western to be the first witness.  Dr. FForrest
Western of the Division of Biology and Medicine of the Afomic
Enerey Commission will be speaking on the subject of delayed fallont,
the teliavior in geological and physieal processes and the mechani=ms
by which delayed fallout enters into the biological processes and

AVTERNOON SESSION

reachies man.
Dr. Western, we ave happy to have you with us.
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at least, and I am sure this will add a great deal to our unde .
of the importance of the different ones. I‘Stand*
1 believe we have one question here. e
In the Iast parair;r‘ h in your discussion, in the comparison beth
radioactive particles being emitted within the body and outside of
body, there was no imphication that strontium 90 is not 4SS0
with an increase of leukemia as well as bone cancer, was there§ Nu
Dr. Wesrerx, That is a question which should pro erly be aky
Iater. It was my intent to imply, as a matter of guic ance, that
effect which T would expect from strontium 90 would be bone
The probability of icukemia would be. relatively, sufliciently smal}y
be 0} no concern. This is a question that should be asked of ty
biomedical experts. -
Representative Horirierp, Thank you very much, Dr. Westerp,-
Our next witness will be Dr. Lyle Alexander from the Departm,
of Agriculture. e will continue the discussion on delayed fallog
and the behavior in geological and physieal processes and -ty
mechanisms by which delayed fallout enters into the biological Proo
esses and reaches man. e,
Dr. Alexander, we are happy to have you with us today. Willy.
proceed, please. sy kin
fo [3
STATEMENT OF DR. LYLE ALEXANDER, UNITED STATES::
DEPARTMENT OF AGRICULTURE!® iy

Dr. Arexaxper. Thank you, sir.

A
~ o
AR 120y

Representative Hovririerp. Are you making this pl‘csentaﬁdn‘g

behalf of yourself, Mr. Reitemeier, and Mr. Seymonr?

5
* Born at Athens. Tex., in Deceinber 1003, Received the B. S. degree from the Univerdty
of Arkansas in 1028, That wume summer he joined the U. & Departinent of A
(Rureau of Chemictry and Solla) ns a funior soll vhreivist. He completed the Phy D, (h
chemistry) at the University of Maryland in 1933 ‘while contimiing laboratory reseapd
fn the Department.  Researches in soil science beenme increasingly Lroad and
in both the laborainry and in the ficld. Ile was steadily advanced to research positionsof
greater responsibility. In 1938 he represented the Department at an important: fate-
national couference on &0l chemirtry in Fintand. After 1945 he had responslbmtl'“
for the basic roll research in the Divislon of Sofls, Fertillzers, and Irrigation, and for tw
service and research laboratories of the Division of Soll Survey of the Bureau of Plam
Industry, Solls, and Agricultural Enginecrinz. He continued, however, highly signifiesst
Yersmml research in eoil sclence, fncluding pionecr work on the use of radioactive topes
n 1951 he headed a successful international misslon of sclentists, under the auspioes of
the OEIIC of the IICA, for the detalled study of laterite formation in the solls of Aftles
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Hia responsihilities for cooperative work with the Atomice Energy Commission 1 el
In 1850 he recelved the Superior Service Awurd from the Liepartmoent. .
Near the end of 1952, the Soil Surver was transferred tu the Soil Conservation Servie
and e continued ax Chief of the Soil Survey laboratories nnd an the Department's pi
cipal eclentific Halson with the AEC. FExcept for broad project planning, others took eve
the detalls of the work on radloactive lsotopes in what 1s now the Soil and Water Cee
servation Research Irunch of ARS, while he gave increased attention to highly
research for the Atomie Energy Comnmlsslon, An impartant phase of this incloded »
searches dealing with the effects of radioactive fallout following bomb explogions, Wil
have required many oversear study misslong and tie1d resenrelios, [
RBesides thege researches, e strengthened and renreanized the Soll Survey laboraforie
to serve the expanded rofl survey program in the Sofl Conservation Service. He ho8
greatly fiiproved the methods for measuring goll ermeahility and especially for 8
reting the results. He is giving unusuvally valuable counsel to the leaders withis
Serviee on all phases of soll chemistry and plant nutrition that relate to sofl ase asd
conservation, n 1734 he wag advanced ta his present porition as soil scelentist, G814
Member and leader In many scientific socleties. including the Sigma X1, the
Cheumleal Soclety, the Soll Sclence Soclety of America, the American Soclety of Agranelik
of which he is a fcllow, and the Internationnl Soclety of Soll Sclence, of which he 888
officer.  Vigorously applied his unusual gifta for sustiined, ardnons studs—in the
tory, fn the fleld, and 1n the librarv—1o highly difficelt and complex scivnttﬂcﬂp
He cooperates easily and effectively with other sclentists in bls own and related fields r*]
with nonscientists an well, e han an exceptionally deep sense of hin responsibilities
& sclentist, as a researeh adminlstrator, and na A poblic servant. As a result, be
only carrits aleng and tinishes an enormons umount of work of the highest quality
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ot Dispersion is mainly by water movement, but also can be Ly
o psport in plankton. fish, or other organisms.

:r"‘ll'l}e depth in the ocean where the fallout particles occur has an
pportant beaving on distribution. The water from the surface to
_ . thermoclite is often called the stirred layer, as it is assumed that
) er is being mixed constantly.  Below the thermocline, which
*rs from 100 to 200 meters below the surface, the water is stratitied
A1 slow moving, .'l'll.vrofnrv. It may be assumed that small fallout
Cicles will remain in the surface and may be transported great

—tanees, whereas Farger fallout partieles will be moved horizontally
waile passing through the stivred layer, but relatively Jittle once they
- below the thermocline.  Some support s given to this assumption
" the fact that deep water sawiples from the vicinity of the Eniwetok
. site just previous to the Redwing tests in 1956 were radioactive
qom previous fallout. which suggests that some radioactivity from
Curbier tests had not removed far horizontally.

Ulthnatelv, the fallout in the surface water becames a part of the
wajor current system of the ecean and moves in a gyvro arcund the
“oive basin. In the Northern Iemisphere the cireulation is cleck-
« e and in the Southern Hemisphere counterclockwise.  In the viein-
avof the Eniwetok test site, the North Equatorial Current moves west-
ward to the Philippines, where the current splits, with most of the
water {lowing northward to become the Japanese Current.  Off the
coast of Japan the enrrent turns eastward to flow across the Pacitic
Ocean and arrives off the coast of North America at about 50° nerth
titude : there it flows southerly, and later westwardly, to complete
e evele,

101935, 1 vear after Operation Castle, a rurvey was made to deier-
mine the distribution of radioactivity in the plankton and water of
the North Equatorial Current incthe western Pacific. Starting near the
test site, the =urvey moved westward to the Philippines and thenee
rorthward to Japan.  Aetivity, or other than from naturally occurring
sotopes, wis widespread and of Jow level, with the highest values
‘ioind off the Philippines, a distance of 2,500 miles from the test site.
Values for water ranged frous zero to 537 disintegrations per minnte
perliter and for plankton from 3 to 140 disintegrations per minute per
gram wet weight,  As a comparison, the radioactivity in sea water
from the naturally occurring isotope, potassium 40, is about 540 diz-
mtegrations per minute per liter.  Although this fallout probably re-
mained in the North Pacific cireulation syvstem, it would become in-
reasingly difficult to detect because of the continuing processes of
dilution and radioactive decay.

The radioactivity of water and plankton samples from an area con-
tminated by fallout, shortly after bomb tests; was determined on
wwo geries of Redwing samples. One series was collected during the
ceration and the other 6 weeks after its conclusion. During this
reriod of time the masimum water value decreased to 16 percent and
te plankton value to 2 percent of the earlier values.

The tran=zport of rn({ior\ctive isotopes away from a contaminated
rea by marine organisms is possible. One way this could happen
»ould be for migrating fish to prey upon radioactive organisms while
“oving throngh a contaminated area. Another, and probably a rore
muportant way, is associated with the daily vertical migration of
34
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plankton. The dinrnal migration of plankton to near the :
during hours of darkness and to deeper waters during hours of
is well known. There was evidence of this situation in samples €3
lected near Bikini, just previous to Redwing. At the surface plankgsz:
was radioactive but the water was not, while in deep water both s
radioactive. It isthought that this was a result of plankton beoommg
radioactive in the deep water and then moving toward the surfacg -
Marine organisms can acquire radioctive isotopes directly from th
water in which they are living or indirectly by ingestion of
radioactive organisms, The acquisition of radioisotopes directly frop
the water may be cither by absorption or adsorption, but thig ig
little importance from the point of view of the food chain, -
example of a food chain leading to man starts with the one-celled
plants, then leads to the one-celled animals, to the small many-celleg
animals, to small fish, to large fish, such as a tuna, and finally tonng.
There may be a few, or there may be many links in the food chain,
and radiosotopes may enter the chain at any point. s
Marine organisms, similar to terrestrial plants and anim
differentially select and retain minerals in their bodies, and can con.
centrate elements from sea water. The selection of an element depezidy
upon the physiological demand of the organism for the element’
the availability of the element, and to some extent, of chemically s
lar elements. The greatest concentration will occur when the demshig
and availability are greatest, and vice versa. For example, becsts -
zine is relatively scarce in sea water and there is a physiological ds-
mand for this element by fish and shellfish, zinc in an a\'ailaﬁle'foiﬁ
that is added to sea water is rapidly removed and concentrated by
fish and shellfish. A similar example is that of the alga, Aspas
gopsis, for jodine. On the other hand, when strontium, which i
naturally more abundant in sea water, is added to sea water, its
coneentration by most marine organisms is not great. S
The plankton samples collected during and after the Redwing
operation were analyzed for the radiosotope composition. The iso-
topes found include strontium 89 and 90; barium 137 and 140; cerium
144, praseodymium 144; ruthenium 103 and 106 ; zirconium 95; cobalt
57,58, and 605 zine 653; iron 59; and trivalent rare earths. There wers
ditferences in the isotopes found in the plankton sumples collected in.
different areas.  One reason for this difference is that plankton is
composed of many groups of organisms, each with an affinity for
specific isotopes. et
For this same reason, the concentration factor of radioactivity by
plankton in relation to the water of its environment varies gre:vtgj
A concentration factor of a thousand or greater is often obse :
Because plankton does concentrate fission products and other radio-
isotopes, measurement of the radioactivity in a plankton sample is
a convenient method of determining tho presence of radioactive
isotopes in the water.
In fish most of the elements expected from fission are found abd '
also the nonfission products formed by neutron irradiation of bomb_
and tower metals, manganese 54, iron 59, cobalt 58 and 60, and zinc 65.
Often the nonfission products predominate. It has been mentio
that little strontium is found in most marine organisms. A land crsb
does accumulate sirontium 99 in the liver and shell, whereas marmn
erabs contain little strontium 90. :
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| program of radiobiological monitoring has been a part of all
eries in-the Pacific Ocean. Samples of fish, invertebrates, birds,
_nkton, water, soil, algae, and terrestrial plants and animals have
. collected from the ocean, lagoon, reef, and islands of many places
“the Pacific Ocean. Some i)_nve been visited only once, while others
v times. Except for the immediate vicinity of the test site, hio-

“wical contamination by fallout in the Pacific Ocean has been very

Slght.

" Representative IToLiFrerp. Thank you very much, Dr. Alexander.
At was quite a task for you to go through that, particularly at the
ved that you went through it.  But I think you have given us a
“ ¢ of very valuable information for our record, and we appreciate it.
" Our next wtiness is Dr. Roger Revelle, Scripps Tustitute of Ocean-

hy, University of California.

grap R A . X . ET—
s a fellow Californian, sir, I weleome you to the witness stand. R Laenec@
sTATEMENT OF DR. ROGER REVELLE, DIRECTOR, SCRIPPS INSTI- Lo %o 517;

TUTE OF OCEANOGRAPHY?

Dr. Reveree. Thank you, Mr. Holifield. T have some charts that
s might put up.

Representative ITortrierp. Very well.

Dr. Revirie. I have a prepared statement which I would like to
wwhmit for the record.

Lepresentative Hovrrrren. Without objection, your prepared state-
~ent will be-received for the record, and you may proceed to sum-
sarize in any way you desire.

(The statement referred to follows:)

t0GrR REVELLE, ScrIpP8 INSTITUTION OF QCEANOGRAPHY,

SMENT BY 1'ROF,
UNIVERSITY OF CALIFORNIA

1. At present the measurable radioactivity in the oceans consists of the
.aiural radioactive elements and artificial radioisotopes from tests of atomic

wea NS,

2 Ip the future, additlonal radioactivity may become introduced into the
cean from the use of atomic weapons, accidents to nuclear powered vessels,
pcidents to nearshore reactors, from the oceanic disposal of atomic waste, and
4 caastal areas, from land runoff. Some evidence that this Jatter eifect now

exisis in the La Jolla region is shown on table 1.

Sipps Institution of Oceanography. Date and place of birth: March 7, 1609, Seattle,
Edueation © A. B., Pamona College in 1929 ; Ph. D). In oceanagraphy. University «of
snia I 19368, With the exception of service In the Navy during and fomediately
World War 11, his entire carcer has been spent at the University of Californina’s
Institution of Oceanography, of which he became director July 1, 1651, On stafl
W, . P. Blands tn Operatlons Crogsroads in clhiarge of oceanographic measure-
T Orpandzed resurves of Bikinl in 1947, Fellow of American Associatinn for Ad-
ent of Retence, $San Diego Soctety of Natural History, Geologicn! Society of Amerien;
. American Metearological Saclety, Slgma XJ, Soclety of Limnology and Oeceans
. Genlogical Sactets of Washington, Western Society of Naturalists, Cosmos Club,
Faculty Cluh, Berkeley, Amerlcan Assocfation of Petroleam Geologists. and Amert-
Geophyeical Unfon.  President for 1058-58 of the sectlon on occanography of the
n Geophssieal Unlon. Y'resident of speclal committiee on oceanographle research
rnationnl” Councll of Sclentific Gnions; chalrman, Natlonal Academy of Keiences
ttee on Biological Etiects of Atomic Radiation in Oceancgraphy and FisLeries [ ein-
r North America of International Advisory Committce on Marine Sclences of
TSC0O; member, Committee for the International Geophysical Year of the International

‘atlon of Physical Oceanography; the 'anel on Oceanograpby of the Natiooul Com-
or the Iaternational Uen{vhynlcal Year; and Dlvisional Committee for Mathemnti-
vslenl, and Engineering Sciences of National Scfence Foundation. Ia 1854, Dr.
roceived the Albatross Medal of Swedish Royal Boclety of Sclence and Letters for
line nehfevements ou aceanography, espeeinlly In deep-sea reacarch.,  Heonorary
i seience from Pomona College, lected to Natienal Academy of Sclences April 23,

{Submitted by witness.)
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¢ owine to o collision, the reactor is lost in a harbor, say 8 nu]_(“s lox;z'
s 1L O\.\-l“;hv :'nl» feet depth, and the fission pmducts. becore m.n.zurr‘n‘w :‘r
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hothers us, as T will point out. in & minute, is that the marine
<ns concentrate radioactivity by a very large factor.

2 Lt also point out that the marine organisms, unlike the waters,
1””17-111‘1V rapidly. Many of them conduct a vertical migration
N 1 day and night over a depth of 1,000 or 2,000 feet. They move
N ‘:7;0 aarface in the night and down to a depth of several hundred
ML qurine the day.  Many of the fish we are interested in, such

. marlin, sailtish, bonito, skipjack, and salmon, migrate over
 Jarwe horizontal Jdistances.  This is also true of the marine mam-
. qeh asthe whales. ) .
jepresentative Howtrieen, Do they feed on any of the marine lifo
«+ moves vertically up and down? )

D, REVELLE. Yes, Sit, they do indeed; particularly the whalebone
| Jvs. and the tunas feed almost exclusively on these smaller organ-

- which do migrate over depths that I have mentioned.
Lepresentative TTOLIFIELD, What are the natures of some of the
Jioreanisms? You are not referring to plankton?

Dr. Reverre. Tam referring to zooplankton and other invertebrates
h swim, such as the squid.” In tropical regions of the Pacific very
\a ave obtained by the Japanese at considerable depths below
o curface during the d'aytime and presumably the big tunas are
own there, because that is where their food supply is, although this
,not very well known, either. I do not want you to get me wrong.
Ye really know very little about the ocean, Everything I say is sub-
#t toa good deal of uncertainty.

“gepresentaitve Horirienn, That is spoken like a true scientist. I
wwk anv scienist who testifies before us disclaims any knowledge
vatever of the subject upon which he is testifying. We take that
wmodesty and we would rather have you that way than the other
siV,
Dr. REveLLE. As a matter of fact, in my case it is not modesty. It
<just a simple statement of fact. Oceanographers are masters of not
cowing very much about what they are doing. One of the things
=at is very often said, and I think with complete justification, is that
ve know less about the bottom of the ocean than we do about the surface
H1he moon,

Although the ocean has almost every substance in it, many of these
entances, as I pointed out a minute ago, are present in very low
-wwutration,  Ilence in order to live marine organisms have to con-
»utrate the substances they need for their growth from sea water.
fen they concentrate such substances—these trace substances—by
setors of many thousand times.  This necessity for concentrating
maee substances from sea water means that the marine organisms are
~i=cially adapted for doing this job, and it means they will concen-
" other substances present in small concentrations, such as arti-
allv radioactive substances originating from fallout, or in other
v~ also by factors of many hundreds to many thousand of times.

What is the significance of these generalities? T have stated nearly
“orithiing 1 oean in my prepared statement, but perhaps we might
©ouarize some aspects of this problem of the significance. Coming
™2 to the close-in }n]lout, even several months after a major weapons

N

h

“.it‘
aooe tut

~: there is a relatively high level of fallout within % to 1.000
23 of the test site for a period of at least a few manths. This
-wends, in the case of the Marshall Islands area, on tie sluggish
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nature of the motion of the water. Ilere I have shown on thig]
the surface currents in the neighborhood of Bikini Atoll,
Bikini.  Here is Eniwetok. Iwajalein gives you some ides §
seale of the chart. The green lines show the surface current ay
red lines enrrents at a depth of about 1,000 feet, O
We see that the surface eurrents are somewhat disturbed by tig..h
istence of the atolls. But in general we have a motion from cs:liR
west of the order of half a nile per hour, or about 12 miles pe :
At a depth ef about a thousand feet, there is a very muchg
ohvious effect ¢f the existence of the islands. We see o great eqg
the neighborhood of Bikini Atoll. The water, instead of movips!
the atoll, tends to stay in this arvea right around the atoll for g
constderable length of time. -
As a result of this difference in the c¢irculation near the surfs
at depth, a graph in my statement shows that in fact after @ yes
concentration of radioactive substances in the neighborhood of Biy
1= much higher at depth than at the surface by a factor of 2 or 3.3
guite low, however, at all depths. That is 2 vears after a test,
Lepresentative HowririzLp. Is that strong enough to affect
Lility of the fish in that area? v‘
Dr. Reverre. Yes, sir, it certainly is, as T will show you inkg
few minutes. I simply want to point out here the relatively sl
motion of the currents, which means that the fallout tends to st
this general aven, but is diffused laterally and as I pointed out/g8
cally in the top 100 meters. 4
I am corry the next chart is on such a small =eale, but these will
left with vou. This small seale has the great advantaye that it
how big the occan is. This is the water hemisphere covering
about half the earth—the Pacitic Ocean. In this area in here &
Bikini, bere is Japan, the Philippines, New Guinea. Australia, U i
States, and South America. This area of 1.000 miles around Bk
was carefully investigated by Japanese oceanaeraphers and biolg
4 monthsifter the Castle test.  They got ficures like this in the
23,000, 90,000, 79,000, 26.000 disintegrations per minute per litd
gea water., The values that we are talking about Lere are valoifs
the order of one one-hundredth to three one-hundredths of a nE?
curie per liter of water 4 months after a test. The distribution}
quite spotty as we go along this time.  (Sce folding chart, p. 55
I will read some numbers—35.100; 9ooog, 14,000, 16,000, 2
and 16,500, Thisisat a distance of about 300 miles. N
Representative IMovivivin, Is that mensurement of quantitied
seiwater ! .
Dr. Reverrn Those ave disintegrations per minnte of radioad
material. :
Representative Hovtricin, Tnacertain amount of sea water.
Dr. Revicree, Ina quart of sea water. 1Thiz i about 300 miles ¥
of Bikini Atoll. When we go a thousand miles west of Bikini, Wl
much smaller values. The biggest one here is about 4,500 disintefg

tions per minute per liter. g
Representative HorrrieLn, What is the natural disintegration e

minute per liter? P,
Dre. eveere, Incthe water itself, due to te natural radioactivth

. . . . . . B FEPasy
1f we are tdking about gamma radiation, it is about o disintegrati

2
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THE NATURE OF RADIOACTIVE FALLOUT AND
EFFECTS ON MAN

WEDNESDAY, MAY 29, 1957

Coxaress oF TiE UNITED STATES,
Sereran Svecodnrrrer o RapiviioN
or 11 Joixt CoaMITTEE oN Artoyic Kxenay,
Washington, D. C.

The special subeommittee met, pursuant to recess, at 10:10 a. m,,
iy the caucus room, Senate Oilice. Building, Ion, Chet Ilolifield,
dmirman of the subcommittee, presiding.

Present Representatives Iolifield, Durham {chairman of the joint
Committee), Price, Van Zandt; Senators Anderson, Knowland, Hick-
(ulooper, and Dricker,

Also present: Professionnl staft members: James T. Ramey, execu-
five divector: George . Drown, Jr., Ial Hollister, staft technical
sdviser, and Paul C. Tompkins, consultant.

Representative Hovrezen, The subcommittee will be in order.

This morning we have a notable array of witnesses,  We have sev-
vral witneszes, and wo plan to add on additional witnesces from the
Walter Reed Institute of Research to our list of this morning, pro-
cdded the time atlows,  But before we eall the first witness to the
cadr, Tintend to make a short statement.

This conmiittee and its chairman, under the divection of the com-
wmittee, is trving to hold an objective and fair hearing.  We ave trying
o bring to this record seientific opinion on the different facets of
raclear weapon fallout, and of the scientific problems that are perti-
nent thereto,

There will. of necessity, be controversial opinions stated; and this
i< a5 it chonld be in the scientific world, because different scientists
en their own responsibility and integrity certainly have a right to
be heurd,

We do not want to et into the field of controversy with anyone as
 committee, but there was ealled to my attention this morning a
telease by the Atomie Energy Commission in regard to this question
of a clean or dirty bomb.

I the tirst place, the Atomic Energy Commission violated its own
niles by not preparing and submitting to the conmmittee its release
2t honrs in advance of its release. We do not intend to get into
s question at this time, and into a controversy with the Commis-
~on, hut the record will stand as it has been given; the remarks of
Dr. Graves will stand as these of the man nost qualified to give an
pinion on the cleanness or the dirtiness of nuclear weapons, and at
““g_propm' time there will be other evidence brought forward on this
tubject.
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. qt this (100 micromicrocuries) as the maximum permissible level,
o ?{ ;s a nonthreshold response we may look at this as an average
: try to decide what the risk is averaged over the entire popu-

Coland )
,onor averaged over any segment of the population.
H threshold response essentially says is that for every

“What a non ! | ¢ : !
_pement INCrease 1n dose there is an equal increment Increase in

o rand theoretically there is no maximum permissible level. There
~extremely small probability that any amount of radiation, the

ant we wear on our wristwatches or the amount that we get from
_patural potassiuny 1$ coing to harm somebody.

~ the whole point of which of these numbers we can accept will de-
o upoh our making a Y:\luo judgment how much is atomjc energy
.ohoan cases of leukemia and bone cancer on a probability hasis,
" rawed over the entire population or a certain segmient thereof.
“senator ANpersoN. Thank you very much. T ecansay from personal
- paintance I know how long and hard you have worked in this field
ol Tamvery grateful to you for your testimony.

The next witness is Dr. Anderson.

pr. AxpersoN. Mr. Chairman, I have nothing to add to the formal
caement Dr. Langham made. 1 was in attendance only to answer

~~{10nS.
<enator A NDERSON.

.+ several witnesses,

Before we proceed with a discussion period with

there are several things that T would like to
Cwrt in the record at this point.  First a statement by Wright 1L
Trnest C. Anderson. Next an article from Science
ueazine, by Ernest C. Anderson, Robert L. Schuch, William R.
o ier, and Wright Langham, and finally a statement by L. D. Mari-
~Miand J. E. Rose of the Argonne National Laboratory.

(The material referred to follows :)

“yerham and

<90 AND Cs-137 IN RELATION To THE PROBLEM OF WORLDWIDE RADIOACTIVE
FaLrout

By Wright II. Langham and Ernest C. Anderson, Los Alamos Scientific
Laboratory, University of California, Los Alamos, N. Mex.

Although a number of isotopes are present in the fission mixture, the faltout of
at from weapons testing programs is the principal concern. Sr-00 is the most
portant izotope because of its similarity to caleium, long physical and biological
-time and high relative fission yield. These factors lead to high incorporation
* the bjosphiere and n long residence time in bone. General contamination will
.t In the bones eventually reaching an equilibrium state with the Xr )

~the biosphere,
Aecepting Libby?
srutospheric), Tevels as of the fall of 193G were about 25 me./mi.
western amd northeastern sections of the United States, 16 me., mi® for the
in hetween H0° N. and 10° 8. latitude, and abont 4 me./mi.’ for the rest of
These general values are variable, depending upon local ralnfall

g postulation of three types of fallout (local, tropospheric, and
Y for the upper

Ceowarld,
“lother meteorological patterns,

e obwerved levels of Sr-90 in bones of various ages are in good agreement
“ohothose enleatated on the basis of a simple model of skeletal prowth, re-
Sline nnd exchange,  Using the data of Kulp for adults and children normal-
. “F o this model, an average equilibrium value of 3 ge. Sp-00/¢. Caix caleulated
T abour 1075, Estimation of the equilibriuny value from ecological dixerimina-
S faelaps spggests approxinately the same average level. The normal spread
Svalues for stable strontivm and Se-90 in haan bones and for (s 157 in people
et bt there is o very low probability that many people witl show levels
TR than three times the average, On the basis of an equilibrivia concentra-
o B of 3 ue, Ne-007 Ca resulting from detonations to Carte, sthout 15000 e
;L:‘N of fission could be injected at onee into the Biospliere before The avey ]

lie would equal the waximum permissible Tevel ol L0 & we, g G vie MPJ for

Rolpwr® o
Qe WO v
264 -¢S 665
69 .
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Aqth L

24. r=1/A=114/0.603, where r s the mean or average time the nuclige -'1“"‘“",‘.--:\7;(:}:: i
in the body, A is the elimination rate, and tl4 1s the time Decessa!\ o F‘\Aoll\' ahn
move half the body burden. Yt L relal /! RN

. R d;livc)i)v our ll‘“h

STATEMENT SUBMITTED 70 THE JOINT COMMITTEE ON AToMIC EXNERgy - . ”4.1“1' il (V) ¢
MaRINELLI' AND J. B. Ro8E," RADIOLOGICAL I’HYSIC8 DIVISION, Agrgq Ly 0 pese finding

orption

TIONAL LABORATORY, LEMONT, ILL.
it cold

Rxy
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. .

. . '
TOPIC IX. OCCURRENCE OF 08-187 IN TIIE ATMOSTIIERE, BIOSPHELE, AND I1g pyy 1;" ihc yearly
AND BEILAVIOR IN MAN C AR e natutd

\ ’ S o of fts redt

The fisslon product Cs-137 1s produced with a vield of about 6 perceq St T e ome

s 0
has a half life of about 27 years. The general characteristies of its dj tm. e
and behavior in mammals, as reported by several authars (1-4), indicateg
partial qualitative simllarity to potassium. Tmpertant from our stang ‘!\b.
the fiact that cesium is exereted by humans at a rate lower than potassiom, 1“

o corve as ant
LY A sl
al predie
qhus, ot

e
tgretit

leads to a Cs/K ratio in vivo which is from 2 to § tinies the ratio in the -.“‘"“:A\\-hm‘v die
food. . . - Il o '(j:] e raited
Recause of its gamma-ray emisslon, Cs-187 can be measured in the Bm UL 1 this

ceprineir?

animal and in bulk material without recourse to lengthy chemical analyxly, .
To make these measurements, it is necessary to shield both instrumentm -
ject from the radiation emitted by ordinary building materials, Thishh
by performing the tests in an 8 by 8 by 6 foor room with &-inch steel wallg,
ing GO tons. This room consists of a bolted frame of angle beams upon ¥
one-quarter inch plates of 12 to 26 inches width are placed in staggered sequmd
on all sides in order to avoid continuous cracks in the walls. The side Dlateg agy
licld in place by clamping them together between the frame and approm-m.

on some iu'.:‘:\h‘
: by Dr.o U
Lo dy conte
is A enntrol
The next
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Maced angle irons, o upelt Creputed
Gamma-ray radiation emitted by the subject impinges on an 8 inch by 4 '-““”‘1"‘1 s s due U
e hod s H

Nal erystal; the electrons liberated therein produce scintillations which aré
plified by a photomultiplier tube and registered, according to their sizes:
236-channel analyzer. From the scintillation spectrum it is possible to ideg
the energy of the gamma radiation (hence the radioelement responsible fop
au dits intensity (hence the amount of material involved). I'resently this apg
ritus has a sensitivity greater than 10~ curics of the gamma emitters g
dizcusxion in the intact human subject. b

In the summer of 1955, at the Argonne National Laboratory, measurements g
the total hody gamma-ray activity of members of our «taff, visitors from varjog
parts of the country and from overseas, local medical students, ete, (5), disclossd
the presence of this radioelement in all of the test subjects. Since then, contine
tests on a group of 12 people, has shown an increase in the human burden byg
factor of about 2 up to the spring of 1956, and a constant vilue thereafter, oo
responding to about 3.2X107"C of Cs-137 per gram of potassium (fig. 1). Cos
trasted to the findings for Sr-00, children ¢o not exhibit high concentration pe
unit weight. e

No correlation between Cs-137 content and geograpliie origin of the sob,
wis noted (table I, On the other hand, the dependence on the dietary hablte
of the individual (tig. 2) became evident after a study of the Cs-137 content!
food and water. These revealed that bovine meats, milk and milk products com
stitute the main routes of intake (fig. 3). Subsequent confirmation of thele
findings on Lirger representative samples of people and foodstuffs have beea
obtained at the Los Alamos Sclentific Laboratory (6). 'The observations to dlil
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colieel, B 1. “
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O ilamitron, J o
s Tureefve! =
Miter,

i
1 0017 South Leavitt. Chieago, 11l : home phone, Reverly 821207 1 o ffice phone, Lemonty
IH, St Date andg piace of birth: November 28, 1906, Buenos Aires. Argentina, Pl
cation : bachelor of science, Cooper Unlan, 1931 ; master of arts, Coliunbia, 1936, Wel
history : Meter tester, Consolidated FEdlson Company of New York, 1427-249; radium toehe
niciny, New York Memorial Hospital, 1929-35 aecistant physicist, 1935-43; physicist,
1443-48: Slean-Kettering Iostitute, 1947-48; Kenior Hinp&.)siﬂst end Assoclate Direes
tor, Division of Radiolegical Physlcs, Argoone Natlonal Laboratory, 1948—; Divisios of
Biolopgical Medical Research, 1930—, (Submitted by the Atomile LEnergy Commission.) .-
sDate and place of birth: August 21, 1904, Wilkinsbure, I'a. FEducation: Cal
Institute of Technology, Work bistors : Standard Chemteal Co. (radlum) ; Tumor I
tute of the Swedish Haspital, Seatle, Wash. (early ploncering work In supervoltage
equipment) : Nntional Cancer Institute, Bethesda, Md.: Mctallurgical ILaboratory,
verslty of Chicapo; rince 1944 Director of the Radiologienl Physles Division of A
Natienal Latoratory., Member of American Physfeal Soclete, Fellow of the Am X
Associntion for the A encement of Seience, Fellow of the Auierican College of Radlologhy.
bonorary Se. L (Rutmitted by witness) !
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766 RADIOACTIVE FALLOUT AND ITS EFFECTS ON May
TasLe I.—Qamma ray uctivity of human beings
Ceslum 137 Zinc 88
Country Bubject Dste
nlgl mut/ [ mrade/
g man yr.
United Btates..| Average | 1988_ .. ....._ 4.0 4.8 0.2
England.....__. May 18, 1958 3.0 4.7 2R
0... July 18, 1956 35.0 4.9 29
France.. ... fept. 21, 1956 3.0 4.6 27
Denmark. Oct. 30,1958 2.0 3.7 L2
Bweden___ Nov. 29, 1956 32.0 4.t L7
Australla____ Mar. 27,1957 5.0 7.0 .12
India . ..__..... Dec. 18, 1967 189 2.6 16
Voo ‘a ... do........ 2.8 2.4 AT
Japan..__ July 26, 1956 24.5 a4 LAl
Indonesia._ Aug. 10, 1456 13.9 2.0 L2
Do._. M d 85 1.2 W07
Marshall
lslands 10 0 9.1 b5
6 0 9.7 AN
9 0 10.0 )
4 X)) n.o 7
7 05.0 13.0 R
3 16000 {2200 1.0
8 212,700.0 Ju) 0 230

Bource: NBE Handbook f2—Maximum Permissible Levels: Zn-65 = 130 ues; Cs-137=90 ues, v
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Kulp, Dr. Eisenbud, and Dr. Neuman, do
o sl Colonel Hartgering want to get into some questions here,
Sk and forth, that would be helpful to all of us? Dr. Langham,
we would like to have you in it also.
\r. Neuman, do you want to kick
tave o the afternoon presentation?

DISCUSSION BY DR. J. L. KULP, MERRIL EISENBUD, DR. WIL-
LIAML F. NEUMAN, DR. WRIGHT LANGHAM, AND COL. JAMES

B. HARTGERING

Lir. Nrearan. I would vaiher sandbag, 1f ITmay.

Mr ey, It might be desirable 1f Dr. Neuman could sort of
cale s case.  Some of the members were not here and Dr. Kulp
wa< s here at the time cither.

Dr. Nroaan. As a brief summary,
wy opinion, the very best evaluntion of future levels of bone are those
lnlaied from our cquilibricm data on natural strontium hecause
s involves only one assumption; strontium behaves like strontium.

It i< also my opinion that the natural strontium data in Ingland
ol it bulk of the experimental data available in this country indi-
e taat the overall diserimination from ground to bone is about a
factor of 8. With this number, one lias a fixed relationship between
wroad lovel and hone level. If we choose a certain maximum level
t be permitted in human hone, we automatically fix a maximum level
that can be permitted on the ground. With this number one can

calenlate the maximum rate at which testing can produce fission

Setantor ANDERSON. Dr.

off on any comments you may

I think it best to say that, in
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MONDAY, JUNE 3, 1957

Coxaress oF THE UNITED STATES,
SpecIAnL SUBCOMMITTEE ON Raprarion
or Tit Joint Commrrree oX Atoyic ENEray,
Washington, D. C.

The special subcommittee met, pursuant to recess, at 10: 10 a. m,,
the caucus room, Senate Office Building, Hon. Chet Holifield,
Lirman of the subcommittee presiding.

Present : Representatives Holifield, Durham (chairiman of the Joint
cemmittee). Price, Dempsey, Van Zandt ; Senators Anderson, Hicken-
_wper, and Bricker.

Alzo present: Professional staff members: James T. Ramey, exceu-
.ve director; George K. Brown, Jr., Hal Hollister, stafl technical
lviser, and Paul C. Tompkins, consultant.

Representative HoL1F1ELD, The committee will be in order, pleas<e.

The hearings have covered up to now sections I through IX of the
atline. ‘This includes background information on the nature of radio-
vtivity, the production of fallout by the detonation of weapons, its
cmsport in the atmosphere, and its deposition and uptake in animals
wd man. We spent a good deal of time on local and delayed fallout
vl began our investigation of the main culprit, strontium 90. Many
whjects that initially appeared to represent marked disagreement
:ave developed into subjects on which there is general agreement when
jut into perspective.

(a) The radioactivity frem fission prodncts is considerably more
lancerous than the radioactivity induced in the environment by necu-
s, Furthermore, a radioactivity “clean”™ weapon device is appar-
aitly not possible.

{h) The way radionctive materials are introduced into the biosphere
~subject to wide variation with air detonations favoring wide dispet-
- and surface detonations favoring local fallout. For estimating
“ow kel material is injected into the stratosphere the consensus fie-
e is about 50 percent, although RAND and others feel that 20
reent is a better fizure for detonations over land. The distribution
+f worldwide fallont appears to be nonuniform. Variation from the
average by more than threefold, as far as long-range deposition is con-
rerned, does not appear to happen.

(z) The depositions from fallout to date in the biosphere including
aptake in man is apparently low—approximately 10 percent—ihen
mpared to natural radicactivity., The significance of this fact has

“tto be discussed.
ki

93209° —57—pt. 1——100
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Members
present

Date and place of mocting

a. ';').00. Kaye (United Kingdom), Ghllrmn,fx
Do iy

Do. “ .
E. Rock-Carl (Tolited Kln(:dom), ¢
Taylor (United States), Secr: Ohkm

SN

»—

1953, Copenhagen. _.ccceen... 11 | E. Rock-Carling (United Klngdom). Ohalrmm
pe (United Kingdom), Secretary. 17.
1956, Geneva. o oceccocaecn- 112 Do.

t Main Commission only. 3ubcommittee membership totaled approximately 5x & suhshpm
of these were in attendance. ’IU

The Eighth International Congress of Radlology Is scheduled to’
! Munich in 1959. The next formal meeting of the ICRP has not been’
and may be held prior to the Congress. For the period 1956-59, the ‘offic
the main Commission are R. Sievert (Sweden), Chairman; G. Fallla
States), Vice Chairman;: W. Binks (United Kingdom), Secretary,

(Mr. Taylor’s statement,—continued )

ginning 1n 1929 has done the same for the United Stateson a cont.inuing h

Exuipir 14. NCRP History
192946

1. FORMATION

The roots of the National Committee on Radiatlon Protection a.nd M .

ments go back to 1928 and are intimately related to the formation of the,[nte:u )

national Commission on Radiological Protection in July of that year. - With Ji

i possibility in mind of forming an International organization on radfologieal ;

i tection, the Second International Congress of Radiology, before meeting in’ Stock
holm in July 1928, Invited several countries to send representatives to, the (fon-A
gress for the purpose of discussing protection problemns and possibly preparlng )
some initial X-ray protection recommendations. From the United States L. &'

Taylor was designated as representative of the National Bureau of Smnda

and one representative each attended for the American Hoentgen Ray Societr

and the Radiological Society of North America. &‘ﬁ )
When attempts were made to reach agreement between the United Statee

) other countries, serious difliculties arose. Each of our two radiological socletiel

S offered different recommendations aud each claimed to be the authoritative bodys:

' The NBS had no recomnmendations to offer aud was there more by way‘of-an’
observer. As a result, the recommendations that were in fairly acceptable’form,”
prepared by the British protection committee, were adopted as the first- inter-
national recommendations. In the process, the United States delegates showed
up rather poorly in that agreement could not be reached on who authorltaﬂveb'
represented the views of the United States. L iy

Germany presented a somewhat similar though not quite so eerlous a situaﬂw
as had the United States, in that its representatives at the preliminary
sions also could not agree on who carried the necessary authority. DRI

Concurrent with the meetings of the Congress, G. W. C. Kaye and Stahlef
Melville (Great Britain) and L. S. Taylor (United States) set about toorgan- .
ize a permanent structure for an international organization. After preliminlf! )
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discussious, during which some general rules of orgaunization were devel

the International Commission on Radiological Protection! was organized, the’
membership consisting of the above-mentioned persons, Dr. Rolf Sievert’ of
Sweden and Dr. Gustav Grossman of Germany. It was agreed by this group,
that the Commission should be kept small, and that wherever possible, repre-
sentatives to the Commission should be chosen from national laboratories where
such laboratories existed in member countries. This arrangement and the’
general philosophy of operation of the Commission was approved by the second
International Congress of Radlology before the close of its sessions. e

S

1 Until 1946, the Commission was called the International X-ray and Radium l’l'otecfimn
Comumittee.
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mbecs Officers

et
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0.

[

Congress of Radlology is scheduled to
'rmal meeting of the ICRP has not been’
Congress. For the peried 1956-59, the ‘offici
Sievert (Sweden), Chairman; G. Faillgt)
Binks (United Kingdom), Secretary,

it—continued.) :

on Radiation Protection and Measur_é:ixeh;’ b
ame for the United States on a continuing baiig!

11err 14. NCRP HisTory
1929+6

1, FOBMATION

ol 4

. ﬁi» :
“ommittee on Radiation Protection and 'Mengjra
 intimately related to the formation of the Jnter.
Nogical Protection in July of that year. ' With'$he
an international organization on radiologieal pro-
12l Congress of Radiology, before meeting i tock-
‘eral countries to send representatives to the Cog-
ssing protection problems and possibly prépdrin

recommendations, From the United States; I8,
resentative of the National Bureaun of Standards,
{ttended for the American Roentgen Ray_ Society
f North America. CRMEE
0 reach agreement between the United States'and
ties arose. Each of our two radiological societies
ons and each claimed to be the authoritative body.
tions to offer and was there more by way 6f-an
mmendations that were in fairly acceptable’fdrim,
‘tion committee, were adopted as the first:dnter~
the process, the United States delegates showed
nent could not be reached on who authoritatively
ited States. . T oA
1at similar though not quite so serlous a siﬁm_fim{
1at {ts representatives at the preliminary -discus-
¥ho carried the necessary authority. TR
;s of the Congress, G. W, C. Kaye and St,ahle'f
~ S. Taylor (United States) set ahout to ‘orgin-
0 international organization. After prellm!!ﬁ}l’!
! general rules of organization were developé(l._‘
on Radiological Protection® was organized,:the’
above-mentioned persons, Dr. Rolf Sievertiof
van of Germany. It wags agreed by this group,
kept small, and that wherever possible, repre-
ould be chosen from national laboratories where
rember countries, This arrangement and the
of the Commission wag approved by the Second“
logy before the close of its sessions. e

called the International X-ray and Radium prote'cﬂoﬁ'

~ iy
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fuslon regarding accredited representation,
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'r;mﬂn ‘the chairman of the ICRP, Dr. G. W. C. Kaye, recommendgd, at a
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i in their countries. .
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i i 1 and suggestions, and to orga .
M;(?lc]l? cttl)ll‘lall(l]‘ 32;){01‘1;?)& effectively with the protection problems faced at that
whi

was §

o ras discussed informally with the president
28, this question was } A
g Segrr?:-tl)gnul)loemgpnqkay Society, at its annual mecting Ii{n d\i\'elzst_galdgg:
?;(;heéinlilar discussions were helgewittfl :ﬁetpﬁlrden}\q()fat?fsulf 0;) (t’glese o
o3 Y in December o at year. s < e d
ﬂetiv' 0: ‘\tg:g&; :)‘rnglglz;licz:tlons agreed to consolidate their protection actli::gee':
ms}lon&:single committee. They further recommended that the hcm;"ﬁowing
Im:?vi?ies be centralized at the National Bureau of Standards for the fo
pctl
mﬂ(Slo)nsl:t had by that time established a definite long-range program in the
i iation protection; .
Senﬁr)alléleligdoﬁhr: (:;l?hl'olall))omtory in the coux_)try as i<ts pnmnry interest the
‘--Io yment of radiation-protection data and information; 14 be expected to
de:§| lIt had no intersociety or political ties auddtberefore cou e ex)
i sition and viewpoint; an .
m(ﬂ-llil ?: ;ijgggirziil:idigggof;cial United States representative to the International
issi iological Protection. , .
Co'inh[;“tsw?gli:;icfl{ggilcal Zocieties each recommended a phgs:g;stAx::gra ;::dhi;);g,i:cxi:
i tional committee, an
for membership in the proposed na ! S R A AR AT
iati ted & member to represent its viewpo ts. ‘
ﬁfcrl:;\]r%:eﬁg)gzze& the X-ray equipment manufac;turerbd)\;g\tl;(sl tp:r (:gsi;n;::::
i nygid
manufacturers was asked to nomipate ca ]
::ini?:?i]ogr tg;!' the nominations received, the manufacturers then chose two to
rve . tives.
M?Sua:! tel:il;rg) rleggg’t athe initial organization of ﬁleSA’i‘lnT())ll:yq S(i):l‘;;n;ist;tgn?:
S Protection was established W}th L. 8. ay ac 1
;‘ximr;{ir?gdwintzl‘ld:g;nfollowing participating organizations and represcotatives:

ety : st and J. L. Weatherwax
icg oentgen Ray Society: H. K. Pancoas ) Ve
g:l(firollcolvrilcg Soc%ety of North America: R. R. .\‘(;“;g:ll and G. Iailla
American Medical Association: Francis Carter W . s Werner
X-ray equipment manufacturers: W. D. (;oolldggqa?u o '.l‘ln'\'lor
National Bureau of Standards and ICRP: Laurist . Tay

2. HISTORY

h
The first meeting of the Committee was held in .Sep‘tomAh:rlth‘.)‘%{i,sfl;;g%%“tv:
annual meeting of the Amelr]ican I{(i:(;‘l:tt:(f:: gta};-(fgﬁ:ﬁtxi;ul'nioné PR i
iy i ndertook the prepars ) mn H Fay pro-

:lel:tit;;.n”'ll“;:(t*g: \:ere published on May 16, 1931, as National Bureau of Standa

i "~ . N
ha;ggox()‘:f\'%‘;ﬁnrt was directed toward the preparation of rec’zomr:f::gzélkzgs t?le
radiym ;rutection. For this purpose, Dr. L_. F. Curtmg \\ngmmmmdmm“s'
Cl»l.lmillil:(’ as the NBS representative for radium pmtectl.o‘u ardinm dations,
:;mdl Dr C F. Burnam as the representative of ‘the d;me}:u]x;n R el l;y

i jon, NBS handbook 18, was :

e fi andhook eon radium protection, 2 , ; ub-
IT'LE Il‘r::tihs;,m];urnam, Failla, Newell, Weatherwax, and Wood, and was p

7, 1934, ) o
b ]\l.t.:zu\::}{g:l tlh‘c' :)?lblicmion of handbook 15 on _\-my’r'n;olttec:'i‘?gn,r :g;gn;*;lg;«lﬂtllgt
V";1: 'ments were made in the X-ray fleld; by 1944 or 1.).1.;.' : v ‘]('rl'lk('ll i at
tl;‘lt di)ook would bave to be revised. This task wus 1,11(r ”. kou by Ihe
or‘,.‘)n;ul“(;ommittee except for the replacement of Dr. 'Pn'”‘m'll:'{v "ﬂm-io‘:v.‘ h’l‘hu
14 ‘E:Q'x‘xdergrnss ns }(’]:rcsontmi\'e of th‘e .A\meru:a‘n‘ Rnc.,x\‘ri.'(;l h'\‘u‘([l;ouk W
T&"»l:cd recomnendations were issued in July 1334, as NS hi

TR e T
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A
It might be worth noting that in this handbook, there appeared tor.the,a;
time the recommendation of a specific permissible exposure level (then W
tolerance dose) of radiation that could be allowed for occupational expogars:
The figure recommended was 0.1 roentgen per week. This permnissible il
level remained in force for 12 years and was used by the Manhattan o
its operations. It was subsequently changed as a result of NCRP action Y .
1048, e
The revision of handbook 18 on radium protection was next undertaigP
the new handbook (H 23) was Issued August 25, 1933, . W‘"‘i 5
These two handbooks, H 20 and H 23, were accepted In this country,ay the
primmary guides for protection against X-rays and the radiations ‘m’lndim,,_
As noted above, they were also the primary guides in this fleld to the "‘mttm
project. [ ;
Through the war years, there was no formal activity by the Advisof;' mﬁi‘:,
nmittee. During that time, however, most of the members of the Ady ’
mittee were drawn into the Manhattan District program and it w"’-““‘d’»
through their efforts that uniform safety regulations prevailed duﬁum
period. Ea 4 ﬁ?%
During its early activities, it was customary for the full committee to ok,
together on the developwent of protection recommendations. When*coﬁm;' )
the recommendations were submitted through their respective rep: g:
to the participating organizations for noting and approval. Formal approval
was usually given at one of the regular husiness meetings of the socleties’?'Wiih*
the NBS as sponsor of the committee, the recommendations were publishiadik
the Government Printing Office as National Bureau of Standards handbooks thog
receiving the usual NBS editorial processing. K)Mﬂ}f‘?{w.
In September 1940, an informal meeting of the Advisory Committee wak held
to discuss the extensive revision needed ir the X-ray protection recommendg.-
tious, particularly in the upper velinge rezions. At this meeting, it was pointed
out that protection problems had become too complex to permit their stady and
solution by the Committee as then constituted. It was recommended that staps
be taken to secure the participation in this work of additional groups such as.
the Manhattan District and United States Public Health Service, military. de-.
partment, etc. This recommendation was presented to Dr. Condon, then Di.!
rector of NBS, who communicated with the Manhattan District and the Pablic.’
Health Service on October 8, 1946, inviting their participation through sppoint.:
ment of 2 representatives each (1 psysicist and 1 radiologist). In response-to-
this invitation, in October 1946, Dr. Stafford L. Warren and Dr. K. Z Morgan
were appointed as representatives of the Manhattan District, and the*Pabiic’
Health Service named Dr. Howard L. Andrews and Dr. E. G. Willlams, =~ .« £ .0
The first formal postwar meeting of the committee was held on December 4,
194G. In the agenda for this meecting, it was pointed out that new data had.
become avallable since the issuance of the recommenilations on X-ray pl_-otpc';;'
tion, nnd that many new protection problems had arisen with the rapid expan.,
ston in the radiation yield (protection agzainst neutrons, multl-million-volt, X«
rays, radioactive isotopes, etc.). It was suggested that the scope of the work
be defined; and that consideration be given to organizing small working groupe
to deal with each of the problems, their completed reports to be submitted to
the committee for approval. Bty
8. ORGANIZATION : 35,

1

A

o

Discussions aleng these lines were held at the December 4, 1940, meeting, and
as a result, it was agreed that the committee should be substantially enlarged ;
and reorganized. At the same time, it was felt that the name of the committee_
should e made more inclusive and it was therefore renamed National Committes,
on Radiation Protection. The Natlonal Bureau of Standards was reaﬂirmed,s
as the central coordinating agency for the work of the committee; sponsbrslgip_,
by an impartial agency was felt to be particularly advantageous in view ‘9&
the various types of participating organizations (radielogical socleties, lndnst{.m
government, and the possible inclusion of industrial and labor greups). - :.e.
The general organization and operational procedures outlined below were,
agreed upon at this meeting, and have been the basis for the continulng epera’,
tion of the committee: R
1. The committee would consist of an executive committee, main committee,
and as many subcommittees as necessary to consider the problems that coms :
within the comwmittee's scope. Lot
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s The executive committee would be composed of five members appointed
the chairman and subject to the approval of the main committee. The
man would act as chairman of the executive committee. !
mmittee would be composed of (1) technically qualified rep- i
zations interested in the scientific and technical IR
(2) representatives at large whose services ure s
the executive cominittee and (3) chair-

handbook, there appeared :
rermissible exposurpe':l level (f ?;é,t’,‘h‘ -
nbe allowed for occupational. expoall |’nittee chair
wg:’u::lel{; glhi' perinissible exy F 1 The main co
zed as a resﬂlt et?\l'anhatum Distriilk |.ntatives appointed by organi
of NCRP action {n, gpects of radiation protection,
Wt to be of special value, appuinted by

&)
;:: sf‘;ge;;)&n was next underta, L of subcommittees.
: “’ere'acce'( a1 RS " The cholce, of chalrmen and members of subcommittees would not be
: Dled in this country, «tricted to members of the main committee but would be based on the particular
) (In organizing subcommittee mewberships,

lifications needed for the work.
'je following practice has been and still is followed : The subeommitiee ehairman

sselected by the committee chairman with the approval of the execcutive com-
«ittee ; the subcommittee chairman chooses his working greup, makes informal
‘ntacts, and submits to the committee chairman his mewmbership selections ; the
;pmittee chairman issues formal membership invitations to serve on the sub-
wmittees. Additions may be made to the subcomimittee membership if par-
avlar specialized information is found to be needed, or individuals may be
grited 10 serve as consultants to the group with due ackpowledgment of their
isistance included jn the published recommendations.)

5. The final reports of the sulcommittees would be submitted to the executive
od main committees for approval. Because of the high degree of success of

se NBS handbook series, it was recommended tbat this mode of publication and

‘| éitribution to the public be continued.
ization and eplargement of the committee, the chair-

Because of the reorgani
panship was thrown open for reconsideration . L. 8. Taylor was nominated and

yproved by vote to continue indefinitely in this capacity.

Discussions were held regarding the orgauizations that might appropriately
w invited to participate and the suggestions made were used as a basis for the
he representation on the main committees.
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£y guides in this field to the My X

formal activity by the Advise
t of the members of the Advisg
! District program and it wag
‘ety regulations prevailed dny
tomary for the full c‘:»mmlt:t?ge?i ‘

on recommendations. When comp
hrough their respective represents
toting and approval. Formal g
wisiness meetings of the socletieg!y
::; Ix;ecommendntions were publisht
ureau of Stand boks

iy ards lnu:ldhl;)i O

ng of the Advisory Committee: % h
£ W P e
:i in the X-ray protection recommengy
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ey

Li‘“tlt:gdconllgle'x to permit their ‘stin i wheequent enlargement of t
this work “tas recommended thy b |t was agreed to establish the following subcommittees:
of additional groups Kuchilh 1. Permissible external dose 4 '

* Permissible internal dose

3 X-rays up to 2 million volts
{ Heavy jonizing particles (neutrons, protons, and heavier) ;

5 Electrons, radium, and X-rays above 2 Mev,
§ Radioactive isotopes, fission products, including the handling and disposal

: Monitoring methods and instrumnents

With the formulation of these basic philesophies, the committee began its
Its accomplishments and growth since its reorganization in
ed list of bandbooks published to date, and the
esentation, subcommittee

tes Public Health Service, mili
vas presented to Dr. Condon; th
the Manhattan District and th
ing their participation through app
cist and 1 radiologist). In respa
ifford L. Warren and Dr. K. Z.3 M
bhe Manhattan District, and the'F
wrews and Dr. E. G. Willlams, 7 {4
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stucture, and complete membership.

Recommendations of NCRP, 1331-55

Date

Title

ir completed reports to be submitted; N fland-
NIZATION Tt
o X-ray protection: fuperseded by H-20. . ... oooooop-sonmasioononon M-ry 18, 1933,
ounts up to 300 mg.: Superseded by H-23 Mar. 17, 1834,

July 24, 1936.

Radium protection for am
Aug. 25, 193%.

X-ray protection: Superseded by ) { 2% N
Radfum protection: Superseded by H-5 . ...._...._-..---

X-ray protection up to 2,000,000 volts: Superseded by H-00. . Mar. 30, 1949,
Bafe tmndling of radionctive JSOtOPes. ..o oooii o aaioeoaaaeoen Beptember 1949,
| of radicactive contamtaation in Jaboratories........ Dec. 15, 1951,

te disposal of phosphorus 32 and iodine 131 { Nov. 2, 1951,

Id at the December 4

unittee shounld be suﬁsltgﬁianl]le;e%
was felt that the name of the commit
8 therefore renamed National Commi
al Bureau of Standards was reaffifi
the work of the committee: B8PONSOTS
e particularly ad\'antageou.'s in view
izations (radiological societies, indus
of industrial and labor greups,). S
ttional procedures outlined below Wé

_! Control and remova
Recommendations for was
for medical users.

Radlological monitoring methods and {nstruments._ ...........-co.onovoe Apr. 7, 1952.

Maximum perinissible samounts of radfoisotopes in the human body and | Mar. 20, 1453.
maximur permissible concentrations in air and water,

Recommendations for the disposal of carbon 4 wastes..........oc.-onon QOct. 26, 1053,

"] Protection against radiations from radium, cobalt £0, and cesturm 137_. | Sept. 1, 1954,
Protection spainct betatron-synchrotron radiations up 10 100,000,000 | Feb. 26, 1954,

) : " :
been the basis for the continuing operfs electron volty.
n u : ‘;'; . _| 8afe handling of cadavers Lionu‘dh:lng radioactive tsatopes. . 2“' 2;\5. 1’99'3'1‘
e€xecu tea. T “| Radiocactive-waste disposal in the ocean ug. 25, 1054
ve committee, main committedy - “| Permisaible dose from external sources of fonizing radiatlon ?T"" z4i gx%u.
. ce. 1, 1955,

ary to conslder the problems that com

e

2] X-ray protection_ .. _....ioeaoioioooiiimaoosooos
Regulation of radistion exposure by leglsiative means. .. Deec. 8, 1855,
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{rmans
ExHIniT 15. LiIsT of Rerorts of NCRP fsmolfﬂ:‘i)rre
REFERENCES | [SHIBIT 1€
NBS Circular No. 374, X-ray and radium rrotection. (Pecomm
International Congress of Radiology, January 1920) rx;
Handbooks 2 in RELATION
18 Radium Protection for Amounts up to 300 Mmlgrnmq,

20 X-Ray Protection, 1936

= 23 Radium Protection, 1938 . ‘li'hfx‘ﬁ As notet
L 41 Medical X-Ray Protection up to Two Million Volts, 1943 srmanizatic
. 42 RKafe Haudling of Radioactive Isotopes, 1849 Siel B ’*' getivity iv
-8 47 Recommendations of the International CGommission om- w countries, 1
i Protection and of the International Commission on :Ragdiclagieg] w matiers

e - Units, 1951 X :.agm aere shoul
. 48 Control and Removal of Radloactive Contamlnatlon ln ¢end philoso

; 1951 " .W A major

: 49 Recommendations for Waste Disposal of Phosphorns &mm“ ;ermissible

131 for Medical Users, 1951 © VAR gready in

’ 50  X-Ray Protection Design, 1952 o ,'w; P ot 4 by the trip

51  Radiological Monitoring Methods and Instruments, 1952. ik . the results

52 Maximum Permissible Amounts of Radioisotopes in the HumantR When th

and Maximum Permissible Concentrations in Afr and -Wat petterned 1
Recommendations for the Disposal of Carbon 14 Waates, 1953 { 1in fact the
Protection Against Radiations From Radium, Cobalt 00 andmm the chairm

Y

137,1954 I8 ecg’m pany of tt
55 Pmtection Against Betatron-Synchroton Radiations up to qn o the ICRI
Electron Volts, 1954 Y The max

o

Safe Handling of Cadavers Containing Radloactive Isotopea,‘ﬂﬂw-r* snd in air
67 Photographic Dosimetry of X- and Gamma-Rays, 1954 ::: developed |

o
1

53 Radioactive-Waste Disposal in the Ocean, 1954 sz X preparation
59 Vermissible Dose From External Sources of Ionizing Radhﬁon;d%( In the re
60 X-Ray Protection, 19335 IR connittees
61 Regulation of Radiation Exposure by Legislative Means MM ; radiation
62 Report of the International Commission on Radiologicab‘[lnlu‘ua ing reports

Measurements (XCRUO 1956) B ts the basis

Similar ¢
It could not
ICRU refled
tives partic

CURRENT HANDBOOKS IN PROCESS

Handbooks
59 Modification A * zittee stru
52 Modification A—Also increasing coverage from 100 to 300 radi£ B0L0 ty the NCI
: and revising somc of the old MPC’s i AT e ICRU orgm
60 Modification A * 4

63 In Press. “Protectlon Against Neutrons” - Committee
— “Safe Handling of Radloactive Isotopes™—complete revlslon ( Use .
54 Modiflcation A" 3 Committee
61 Modification A * fe Committee
-~ “Incineration of Radioactive Waste"—completion in about 6 mou Cemuittee
--  “Protection Against High Intensity, High Energy Electrons™=imatuly Radiologi

for food sterilization programs -~;§-q‘£4 a Througho
56 Modification A? ot s

o Mogigeation &, Lo !‘f%m@ I mabstantial
odification tnl Mmmittees

—  “Radiation Exposure Under Emergency Conditions"—treatmenbyef
problem of large and small radiation doses malinly nnder‘dfﬂ

defense or civil disaster conditions (Mr. Tt

RBE Values for All Radiations The Natlc

* Modification malnly to reflect the new permissible dose levels of January 8, 1957.‘ dred la\. th
¥ of various &

- * Iu thig way

(Mr. Taylor's statement—continued.) mpese of oL

. ~ ¥ith the AF

Since the war the recommendations of the ICRP have been gulded, in 8- large | Euergy Con
measure, from those developed by the NCRP and the international recommends- %ark. At
tions and standards retlect pretty generally the United States standards. . Thisis i C.due fnflue
not surprising when oiie considers that the shaping of the program and $be N
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irmanship of some of the committees on the ICRP are in the same hands
¢ corresponding subcommittees of the NCRP.

g1sIT 16. RELATIONSHIP BETWEEN THE WOBK OF THE NCRP AND THE INTER-
OcroBER 1956,

RELATIONSHIP BETWEEN THE WCRK oF TilE NCRP AND THE INTERNATIONAL
CoMMISSIONS

4s noted in the foregoing, the NCRP has been a very active continuing
rzanization since its inception in 1929, Also because of the very much greafer
wtivity in the radiation field in the United States as compared with most other
quntrics, the NCRI” has been able to develop much more detailed information

For this reason, it is not unnatural that

p matters of radiation protection.
d have been a number of areas in which the general recommendations

sere xhoul
:nd philosophies of the NCRP have influenced the International recommendations.
1 major example was the adoption by the ICRP in 1950 of the lower maximum
permissible exposure levels recommended by the NCRP 2 or 3 years earlier and
doption of these levels was also facilitated

giready in use in this country. The a
pv the tripartite conferences between England, Canada, and the United States,
the results of which were based on the information supplied by the NCRP.

When the ICRP subcommittee structure was first established in 1950, it was
atterned fairly closely after that already ln use for several years by the NCRP.
In fact the chalrman selected for subcommittees I and II of the ICRP were
the chairman of the corresponding subcommittees of the NCRP. In addition,
pany of the individuals selected for membership on the other subcommittees
of the ICRP were members of the corresponding NCRP subcommittees.

The maximum permissible concentrations of radioactive isotopes in the body,
sud in air and waler, which were included in the 1950 ICRP report, were those

developed initially by the NCRP for its Handbook 52, then in the course of

preparation.
In the report of the ICRP developed in 1933, the reports by three of the sub-
rmissible dose from external and from internal sources of

committees (on pe
radintion and on X-ray protection) were taken very largely from the correspond-
iog reports developed by the NCRP. In fact, these NCRP reports were used

gs the basis for consideration of these subjects by the ICRD.

timilar close relationships have existed between the NCRP and the ICRU.
It ecould not be said with fairness that the most recent recommendations of the
ICRU reflect dominantly the opinion of any one group, as all of the representa-
tives participated actively in its preparation . On the other hand, the new com-
sittee structure of the ICRU is patterned after that which bad been adopted
tr the NCRP a short time previously. With this extension of activities, the
ICRU organizational structure now includes the following:

Coammittee I, Standards and Measurements of Radioactivity for Radiological

Use
Committee IT, Standards and Measurements of Radiological Exposure Dose
Committee 111, Measurement of Absorbed Dose and Clinical Dosimetry
Committee IV, Standard Methods of Measurement of Characteristic Data of

Radiological Equipment and Material

Throughout the membership composition of these four committees, there is
eabstantial overlap in both officers and members with the corresponding sub-

committees of the NCRP.

(Mr. Taylor’s statement—continued.)

The National Committee on Radiation Protection (NCRP) is currently spon-
scred by the National Burean of Standards and is made up of representatives
of various scientific and technical organizations and governmental departments.
1§1 this way, there is close coordination between the committee's activities and
these of other interested groups. This applies particularly to the relationships
%ith the AEC with whom there s the closest collaboration. In fact, the Atomic
Energy Commission supplies a small allotment of funds to the NCRP for its
wurk., At the same time, the recommendations of the NCRRI* are made without

tudue {nfluence on the part of the AEC.,
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Exsisir 17. List of NCRP PABTICIPATING ORGANIZATIONS, SUBCOM)
MEeMBERS, MEMBERSHIP 0F EXEGUTIVE COMMITTEE, JOULY 1958 ' -7,

4 0. W

Lauriston 8. Taylor, chalrman (B g{,ﬁ
Sarah W. Raskin, secretary ‘ Il‘! o

£ H)

ExecUuTivE COMMITTER s
EUBC

C. L. Dunham L. 8. Taylor ,
G. Failla E. G. Willlams 11 Bes
R. S. Stone p. (B“:
< as

il :
MAIN COMMITTEE (AND ORGANIZATION mmmvmn) ;z&éhj‘if* D Cow
a 1

H. L. Audrews, USPHS and subcommitte chairman Cnilhgy, B CON
E. C. Barnes, American Industrial Hygiene Association M - oAl
A. C. Blackman, International Assoclation of Government Labor Oﬂicials Ll LA
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these data appear sound, they may stlll be considered incomp) e

minor discrepancles which have appeared and which may n@%:m“ p.x_g_ i‘

tion. There is alse reason to discuss the place of the production —

compared with the general mutations that are being retained in Eoom!ti
te

RADIOACTIVE FALLOUT AND ITS EFFECTS ON " ..,4,

The radiatlon dose necessary to double the mutation rate a
50 roentgens. It should be clearly understood that this ig ap e
competent genetleists have submitted proposals from 5 to 150 nomunwi.,

It is known that there are many diseases of heredity (that s, T
which are almost certainly the result of mutants and may nrcwmnonﬁ.&n
in the same light as nmntants due to radiation. Since these ma swoeo
the pool because of the amelioration of the rigors of selection, it Sw@EﬁuE'
to assess all of these mutants in terms of roentgens. H:mmmnog ’I
mate of the total hazard as a result of low doses of radiation ﬂ.ona.. : x“

It appears that wmost mutations ippear to be of the recessive ﬂa a
would therefore, in effect, not permit their immediate recognition op
until after many. many generations.  This means that the mutant
widely disseminated in the genetic pool. It also means that the l-..{
ceived by a small it of society may he of little consequence m-bn‘“;',
tion to the total populaiion would he roughly the ratio of the total i’nl "

small gegment.  The genetie effe are best surveyed from goE
of its effect on the whole population and. generally speaking, the E.nﬂ‘
become significant when delivered to cither the whole ,nyowﬁbns t
m.ﬁm:_o:? of it. ke 1t beervati ‘ t L:;,;.—" :
am inclined to mnke these observations from the point of iy I ,,..a-‘ .
effects of radiation - that is, the production of tumors, “m:onmw«,MﬂM ﬂp‘;
in longevity. ' [

All data presentad at the present time are either presumptive Qm.ﬂﬁx&'ﬁ .
very low doses. They rest in hypotheses derived from the theoretie
dose effects at hizh levels. I believe there is sufficient uncertainty,
would be unwise, and In fact nonscientifie, to make conclusive d
basis of these extrapolations. e

With respect ta the genetic effects, which have been mﬁmum:_i«
biologists, there are suflleient nneertainties even in these data so 9..!.".8‘
possible to accept them as entirely unassailable.  These include the faet that '

e s

ikl
T

at low levels do not exist, that data are confined at present to Drosophfls
to a few small manumals such as mice, that the n:utation rate due to uitrs
radiation appears to be nontinear, and there is reason to believe that sotw

the energy transfer with lonizing radiation is in part of the same character 99
that with ultraviolet radiation.  Man has existed since time immemerisl W 4
sea of radiation where fairly large differences because of altitude and spwnd
ge phi¢ places also are present. It is difficult to reconcile some of the tem
jectures to be made at very low levels with the natural radiation doses o "
man has already been subjected. L
To my mind, the prollems of biologic effects at low doses are in essence thew}
1. The data on the 1 wical effects at low levels of radiation are by o toie
conclusive. At hest they must be cousidered highly presumptive This
that extensive, earel lered research is necessary. el
9 Even if one as t the low-level effects of radiation are establtled
the problem of ests! g« the hazard and the risk rate at these levels haa m&t
vet heen fully and properly evaluated.  With specific regard to the falloat pevix
len. it is my opinicn that ar the low levels which now appear 8&}"
mediate decision on auy vital problems is now necessary. \ s
With respect the general overall consideration regarding all-out methe®
warfure, a different order of magnitude is introduced and I must Jola ]
others in peinting out that this is fraught with the direst consequencns, o
that every effort must he expended to the elimination of nuclear warfare.
With specific respect to the fallout problem, it is my opinion that with the
levels which now exist, no precipitate alteration in our course 18]
There are a number of organizations on radiation protection’ that Are.
tinually looking at this problem with representatives of all %UEE‘
are gradually moli¢ying the acceptable levels wherever it is found E )

¢g - 3
Representative Hourierp, Before we hear our next iu
would like to insert in the record a report from the E&g

Institute of Pathology. B
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(The report referred to follows:)
ARMED FORCES INSTITUTE OF PATHOLOGY,
WaLterR REED ABMY MEDICAL CENTER,
Washington, D. C., May 16, 1957.

ahject Statements for congressional hearings.

- Chief of Research and Development, Department of the Army, Washington,
nC

! (Attn. Chief, Atomic Division.)

The following repert is snlanitted in accordance with a verbal request to the
wpector Of the Armed Forees Institute of Pathology from Licutenant Colonel
~opsom of the Reseireh amd Development Office of the Department of the Army,
Tar 140 1957, Fhe time limit of 24 hours for the preparation of such an exten-
Cce report, and the absence on TDY of the Chief and Assistant Chief of the
Letion on Radiobivlozy, Armed Forees Institute of Pathology at the Nevada
T site on Operation Plumbob 4.1 necessarily resnlted in some limitation on
rial requested which under more favorable circumstances
The discussions and answers as presented
exxional staff of the Armed Forces Insti-
al Research

esentation of mate
_ld possibly be more fully covered.
f.r,.rescnt a combined effort of the prof
e of Pathology with some assixtance obtained from Narval Medic

weritute and Walter Reed Army Institute of Research.
IW. M. SILLIPHANT,

Captain, MC, USN, The Dircctor.

CoxCERNING Toric IX

A detailed discussion of the occurrence of strontium 90 and cesium 137 in the
amosphere and its uptake and behavior in man is contained in the remarks
.repared by Dr. Willard F. Libby. Commissioner. United States Atomic Energy

ng meeting of the American Physical
D. C.. April 26, 1957. A copy is attached (see p. 1519).
on dixeussed and contirmed by Drs. J. L. Kulp, W. .
o0 in Man. Science, 1273, p. 219, February 8,
1. 125, p. 433, May 10, 1937) criticizes some
inent factors for consideration. His

These findings have also be
E-kelmann, A, R. Schinlert (Strontium
with., However, Dr. Lapp (Science, Yo
« these conclusions. and poaints out some pert
citigue is attached (see pp. 694, T04).
Coxcerning Toric X

SoviaTic EFFECTS—DPATHOLOGY

1. Distinction must be mude betiwceen the somatic and genclic effccts of radi-

ation
The genetic cells carry on from generation to generation the damage which
tas been received. The somatic cells receive the injury but this is not trans-

witted from one ceneration to another. The effects of high level radiation
pay be manifested not only immediately but also after a delayed period. There
adily

ere 2150 effects from a low level of radiation and some organs ire more re
injured than others.
B. Early effccts of erposure of animals and man to cexternal radiation
1. Gama and X-radintion.—Syndrame of radiation sickness.  Imdividuals re-
eiving doses of total body radiation can probably be best divided from a stand-
ccording to the clinical signs and symptoms they preseut.
wenuse of individual variation in the response of dif-
TRRoughly, casualties may be

wint of prognosis a
This is particulariy true t
ferent people to the same dose of jrradiation.
moauped into these in which survival is improbable, possible, and prohable.
There ix. however., na very sharp line of demarcation mmong the groups. The
vrus and symptoms have been described for the Japanese casualties at Iiro-
Sima and Nagasaki inoa report by Liebosw. Warren, and DeCoursey in the
Amerienn Journal of Pathology and in a report entitled “Some EfTects of Tioniz-
tadiation on Human DBeings™ involving particularly the Marshallese casu-
< of more than 3.000 roentgens one may encoulter a hyperacute

tlries,  In dose
rartion within fn hour whereas in the range of about 3,000 to 2,000 roentgens
Lansean, vomitinz. and some diarrhea and fatigue may be the initial reaction in

2t 4 hours after exposure. In individuals receiving doses hetween the range
2000 down to SO0 roentzens there may be a period of relative well-being
Uuwing the iniial reaction fur a few davs and then a gradual return of

iR




in gt

RES

g

912 ADIOACTIVE
RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN

anorexia, malai i nig
indi\'ichmls,ll»it]::g:nfevme diarrhea, thirst, fever, delirium, and 1
to 3 weeks with acute bgrlllg li(z)g‘ roenftgous this reaction ;uav co"?’l’lgjixl)le 2
Cract, milatiom row failure, ulcerati i .
s H and bacterial infecti ; tte renction S Eastroi ]
oy enlatior ,f. 1 nfection. A subacute i i
: ailure, subacute | oo Denins aisti
gencral amal i1 , acute nfection {n the lungs ai b of sub.
gener rccci\'li]::f'r'lit'](()mt n}:\_y manifest itself in about ¢ \\'g:i{sbxrl‘;‘]tn, o Dowel,
and in some :{];""i‘,O?;'{?O:'uexl\tgons. In those receiving loss t(;lslgxé)s%sm%nemn‘
nd i sur s from doses in t] H or be & hron
B i Sopwe survivers fron . 1e lethal range, ther
et C]m:l,:ilél,:lld«.;..x.f'(s extending for a period ()L{ ;nu;fﬁi '::“3; be a ¢ Seny
M om, ol \‘.“:;11::13 1‘111-1.“:1!\11’1- aging, leukemia, and i»q.<2il?luger Of mal,
"t 8) ¢ varies wi P oge "ry ‘ ree of
22 relation i fhe oatone ot with the geowmetry of the source of r?(ip tio
2;1; ;}l:xrsh:lll(-xc: See reference *
) ‘ne Los AL s inei : '
sinis (‘“th'g ;»: .]\cl.u;m.'\ incidents referred to under X, B, 1, b ar ‘
o rmlk()tim? ;.u‘n;\lrm:lls of Internal Medicine 'I<‘cl;m'~lrrﬂ‘: Glgggered Ina
- ; —Iic burns.— As long ax 1etrating oo .
are et 1 ion—Ji . ong ax only very pene i
lem, because 1: ((ﬁ)[::,\l:ll‘r(l.f the entire body, skin injurv) \\Efx?liitmtmg l‘adiatio"
before dcrlll:ltuln,f.tl‘.l".l icient to permanently aftect it \\‘uul(lmk?ely g
e, deru b q_11:1% ('.\mx').\- were of any concern.  Fpilation is ill the Datient
Japanese :1tu1u-l;m;])(|?vlitt;‘n::s Dli?””v thongh only ft‘llllmr'lril: I:;ll gﬁceptirm fo
N . 8, fine f: . ) 1 Some of
pabiiexe aton-bow “ uring fallout from bomb ¢ N 3
Imz:u-d: o h](\:l l;:..ll;x.'”:;étllo' ;'lllt'(lle exposed skin of ﬂn\.(,ll'l,éld(;.]tl(ll(;‘;fver, radie.
i aqxu ndiation burns are ’ N and
B or, botat Daticle rns are added to the e
pen publig? 1;».'1'«111'1;:;:-1:;-1(:‘ .x‘;_ml‘!otr]u particle burns resulting fr;'m( t;-?flgl?tr(;idc:ed by
tho e | minc| ) 10 annonncement that som e i it
testing prom%m];hml“l?, ‘f 01“ exposed to such a4 hazard dnfil?«f ttlhe iggabntanpmtg ot’
i o m.e rc&[::)';l‘\-;lllilit[he [-frubl(-m of fallout was not ; u(i?\' th‘;lil “;:)a
fharged with t sibility of conducting tests £ to thom
ot s Ly ¢ 5 tests of nuclear weapon
about 10 miles fro wtion at Alamagordo, N. M o the
S n the blast receiv p oiv backe, | Eneper of
were retained by th R eived fallout on their back T _mdtt:
v the hair. and it fow Dol Dl e parti
e the | g 1 a few weeks epilation s . .
. <ions healed much 1jk i ) 1 easterlike 1
erow aenin e he 1 like ordinary thermal b estons
ain, 1e original red col " ] N ron oo i the
effeets of this exposur color was replaced by gre “hi paz
et tis expoxure have recently been reported i l"‘ g}(y Qi - Late
s repurted in studies conducted at the
(a) Marshallese:
Marshallese: In the Marsh: :
gamma and beta radiati Marshallese group  individug 1 »
confined to ”l:“‘];:‘:I\.l-l‘t)l;nn(‘o ’[Jh(; injuries due fo beta ]I'nlllltns“(:\l:greexlmsfd v
tingting and i > oarea: ‘ontact. The reactic anifested i bt
\ g e of comta m manifested itself by i
e i Mching me of exposure, followed hy g ' T el
® et e e of expos *d by erythema and ed
g T 5 ! 2 to 3 days. There was ot
By i ity for 2 to wis then a latent asy
Drying and . L a4 return of secondury erytl H i o peromatie
i iy 5o o of : iry erythema with vesicle fo
nmay enter a chroni akes place in aboat 3 weeks ¢ indivi e
‘ o ditkes pla ks and the individoal th
place. Where both ty some atrophy of the involv ‘taking
; 1 types of radiati . i e o barts Ak
generally overrides th o ation oceur concomitantly \ tatios
o (l(:f(i('t\: (,fdi:;,i{:‘i(zl beta l{n clinical significance $r the gamma radiation
. A Ang radiation ar ‘ 7
covered oIS of lonizing fom ot the Marshalles > '
AR \'.-n-ﬂ \;11‘1(1)il(‘t'xl‘\l(:l“‘p l‘,r;wls of Tonizing I(:uli:lfic(:nh::;hltfllllnifterllfiye]’
R the N al ) al Rexcearch Institute. Dethesd; ni es Naval
: cienl Dofens Tt 15t . Dethesda, Md. ; United St >
Daeologienl Aboratory, California; and Medi ! S e
& oy e Laborat lifor ; and Medical Department, Brook:
mission, July 3955,V S rar e an oted States o Con-
s oy, Lt \ States Atomie Energy Com-
a1 ; atma and beta radiati
ared " ae s Tor iy h adiation could only be approxi-
estimited “point sonrce” doses “‘0!1.1' dose on the skin to prodace leSi0n£p '_['hiﬁ
I%nn;{o]:m, group I, 260 r. '
S Uterik, group IV, 20 r
Same of the patients sl "
e of it s showed acute syingtoms i
‘ " hatie vead a AITH 15 of diarrhen : -
(L‘ter;k) Fh(l:\‘('dl:lﬁ(’gr E]-IQ skin in group I (Rongelap) |l,(l& and "_Onutmg and
stngon pped 1 .](' Aymptoms. Hopsies \"1-1'((['11'(!1 aof Il"”“e  ar var o
o008, Ko & Y hanvres 1} i y aue l ki .
e e & vedd chanzes typical of raliation reacti e ‘.\}\.m at various
b) 0:1( e restoration of the skin reaction. Ultimately there
wr examples: Ski wions
e onoe I|:x'/.;n-(]]~; t(; hl\uhhslo_nx, acute, chronie and neoplastic w of
e Ihmmu}c% .(‘.](('(!;.(IHZ(\(I in Lman beings eX \.‘ Al ¢ were one 0
aton. 1 ”H: ““". ! nr.lltl(*s from jonizinz radiation ll‘l.\'IL ll»;(:l “ lQW enel:g,
e S the 10 rhv. century,  These inelde in ';cl liti e e !ﬂcrei}smg
Tt T g iden _ov(.nf lenkemin among radiclorists than ‘l e e ot poDD.
cetirrence of cataracts amuly early orke '-n-””’{ b e o tho
3 ¥y workers with cyclotrons, the
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AFTERNOON SESSION

Nepresentative Iovwrrern. The committee will be in order.

Our first witness this afternoon is Dr. Eugene Cronkite of the
prookhaven National Laboratory. Ieisa senior physician there.

At this time we will be glad to have your testimony, Doctor

Cronkite.

[ understand that your testimony will take up the subject of the
etiect on the Marshallese Islanders thisafternoon. ’7Q(,Z:m ~0 P

\

STATEMENT OF DR. EUGENE P. CRONKITE, BROOKHAVE
NATIONAL LABORATORY! o

Dr. Croxkrre. That is right, Mr. Iolifield. With your permis-
don 1 would like to state that due to duties I had in Nevada I was
anible to properly proofread the prepared testimony and would like
permission to do so later in the week.

“In addition, since the subject material is rather extensive, I would
like 1o submit for the record the oflicial report on the Marshallese in-
ciient and also the G-month, the 1-year, and the 2-year reports.

Representative Hoririero., Without objection, they will received
andd filed with the committee. )

Dr. Croxxre. In the prepared statement, I will just mention that
the tirst nine pages ¢o over the general problems of whole body radia-
tion of man, and I am essentially in agreement with all that Dr.
Friedell has said this morning,

1 would like to make one comment in respect to the treatment of
radiation injury that came up this morning.  That is, that much has
peen learned from the experimental therapy of radiation injury in
animals. It has been conclusively shown that protection can be af-
forded by the transplantation of bone marrow from one strain of ani-
mal to another. 'The protection afforded by transplantation of gene-
tically specific material; that is, from one member of the same strain
:0 an irradiated member of the same strain, is very good and long last-

:Torn December 11, 1514, Los Angeles, Callf. Undergraduate studies, Unlversity of
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ing. I the material for transplantation has its source in anothey
strain of mouse, the protection is less marked or not as long last,ing
If the protective material comes from another species of anima) the‘
protection is very short lived and not nearly as effective. In I’)rin-
ciple, the transplantation of bone marrow would significantly increagy
the survival rate of exposed human beings to doses of radiation that
would be uniformly fatal. The amounts of bone marrow needed are
Jarge, and the mongrel nature of man makes it unlikely that ve
much could be expected in the way of long-term protective effect. I
my opinion it would be the worst type of wishful thinking to expect
that one could have an etlective bone-marrow bank in the case of ap
atomic cafastrophe. Much work is vet to be done under carefully
controlled elinicai conditions before one could be optimistic about the
uge of this procedure in man under highly controlled conditions in an
individual natient, let alone under conditions of a nuclear catastrophe,

With this general statement T would also like to state that certain]
in human beings exposed in the midlethal dose of radiation, the clini-
cal picture of which is very similar to that produced by depression of
bone marrow due to various drugs and so on, one would expect that
antibiotics and judicious use of blood transfusions would be most
helpful in increasing the survival rate in the midlethal range but not
in the range in which spontancous survival is not likely at the present
time.

With these general comments I would like to go to the prepared

statement.

I have been asked to summarize the early effects of exposure of ani-
mals and man to external radiation with particular reference to the
effects of fallout radiation on the Marshallese, the Los Alamos acci-
dent, and radium. In addition, I have been asked to comment on the
beta burns in the Marshallese, and other examples of beta burns. Since
my personal experience is limited to the Marshallese and animal ex-
perimentation, I shall limit myself to these and supply reference ma-
terial for the others.

1t is quite impossible to cover all of this material in a reasonable
period of time, so I shall concentrate upon the effects of exposure to
external radiation on animals and man with a clinical description of
the syndrome of radiation sickness as a function of dose of radiation
and highlight the discussion with illustrative material collected in the
study of the Marshallese (reference 1).

My prepared statement includes numerous references and further
material that time will not permit discussion of at length here.

Radiation svndromes vary as a function of the type of exposure,
the dose, and the time after exposure to radiation. In general radia-
tion injuries can be divided into three general classes:

{a) The syndromes of whole hody radiation injury produced by

enetrating lonizing radiation which are dose and time dependent.

(b) Superficial radiation burns produced by soft radiations—beta
and low energy x or gamma radiations.

(¢) Radiation injury produced by the deposition of radionuclides
within the body.

In the Lvter case the elinical picture varies with the site and amount

ol deposition.
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Jhelpful to a limited extent for anemia. The probability of avail-
aility of enough blood for burns and other injuries 1s low. Hence,
Jen blood may be needed for radiation injury, supply may be ex-
,usted. Preparation and stockpiling for such an emergency is obvi-
sy required.

GROUP IIT SURVIVAL PROBABLE

This group consists of individuals who may or may not have had
weting nausea and vomiting on the day of exposure. In this group
sere 15 no further evidence of effects of the exposure except the hema-
Jogie—blood—changes that can be detected by serial studies of the
Jood with particular reference to lymphocytes and platelets. The
mphocytes reach low levels early, within 48 hours, and may show
ile evidence of recovery for many months after exposure. 'The
qanulocytes may show some depression during the second and third
wek. However, considerable variation is encountered. The late fall
pthe granulocytes, during the sixth or seventh week, may occur and
hould be watched for. Platelet counts reach lowest levels on approxi-
qatelv the 30th day at the time when maximum bleeding was observed
a2 Japanese who were exposed at Hiroshima and Nagasaki. This
sme trend in the platelet count and the development of hemorrhage is
pmarked contrast to that scen in laboratory animals where platelets
wach their lowest levels between the 10th and 15th days and hemor-
hace occurs shortly thereafter.

In this group individuals with neutrophil counts helow 1,000 per
abic millimeter may be completely asymptomatic. Likewise, patients
sith platelet counts of 75,000 per cubic millimeters or Jess may show
10 external signs of bleeding.

It is well known that all defenses against infection are lowered, even
by sublethal doses of radiation, and thus, patients with severe hema-
wlogic depression should be kept under close observation and adminis-
wered appropriate therapy as indicated. There is reasonally good ani-
mal experimentation to indicate that sublethally exposed colonies of
mimals are more susceptible to endemic and epidemic infection.

The numbers of individuals in group ITI—survival probable—will
be greater than in group II-—survival possible—and the number in
group II will be greater than in group I—survival improbable.
Group I casualties will be helplessly injured. Group II casualties
will be able to help in their own care to a limited extent. Group 111
cazualties will be useful and a moderate amount of work will not he
harmful. No therapy other than observation is needed for this group.

The rest of my comments will be focused on the fallout accident
that occurred on March 1, 1954.

Following detonation, unexpected changes in the wind structure de-
ozited radioactive materials on inhabited atolls and on ships of Joint

ask Force 7, which was conducting the tests.

Radiation surveys of the areas revealed injurious radiation levels;
therefore evacuation was ordered, and was carried out as quickly as
Fossib]e with the facilities available. Although the estimated accumu-
ated doses to human beings were believed to be below dangerous
levels that would produce lasting injury or mortality, the commander
of the task force requested assistance of the Department of Defense
and the United States Atomie Energy Cammission. A medicea] tram
was requested which would be orgauized to provide the best possible
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care of the exposed persons and to make n medical study of the
posures. ‘The responsibility for organization of the medical team o
shared betwcen the Armed Forces special weapons project of.
Department. of Defense, and the Division of Biology and Medicineof
the Atomic Inergy Conmumission. i
Since speed was essential, and since the United States Navy Mediea]
Department had experienced personnel available at the Naval Megj
cal Research Institute and the United States Naval Radiologiea] Do:
fense Laboratory, the Surgeon General of the Department of the Ny
was requested to provide assistance. e
IIe promptly complied, and directed the organization of a team
from the two ahove-mentioned laboratories. 1 had the privilegs to
be the director of this team. =
Within a period of 3 days, equipment was assembled and pack,
and the team was airlifted to the Marshall Islands, arriving on ‘the
cighth day after the explosion. Sl
The interim care and study of the exposed individuals had been
ably taken care of by the limited medical facilities of the United
States Naval Station, Kwajalein. I am pleased to call attention to
the Tact of the very high degree of cooperation between all Govern.
ment agencies concerned and to the numerous individuals who self-
lessly gave of their time and efforts. The number is large, and dus
credit and acknowledgments are given in the official report of the inci.
dence published by the United States Government Printing Office, and

listed m reference 1.
NATURE OF THE EVENT AND DESCRIPTION OF TIiE EXPOSED GROUPS

The radioactive material fell on the inhabited atolls of Rongelap,
the heaviest dose ; on Ailinginae; on Rongerik where American service-
men were stationed, and Utirik where the smallest dose was received,
but by the largest number of people.  The Marshallese were living un-
der relatively primitive conditions in lightly constructed paim houses,

The American military personnel had the second highest exposure,
They were more aware of the significance of the fallout than where
the Marshallese, and promptly put on additional clothing to protect
their skin. As far as duties would permit, they remained inside
of aluminum buildings. In contrast to this the Marshallese in gen-
eral remained outside, and accordingly were more heavily contami-
nated by the material falling upon the atoll and upon them.

Al of the exposed human beings were evacuated by air and surface
transportation to the United States naval station, Kwajalein, as
promptly as facilities would permit. Since a survey of the individuals
showed that there was sigmificant eontamination of the skin, clothes,
and hair, the clothes were removed and laundered and repeated wash-
ines of the skin and hair were carried out with fresh water and soap.
The hair of the Marshallese was decontaminated with difficulty be-
cause of the heavy coconut-oil hair dressing they used,

On Dongelap there were 614 individuals that received an estimated
dose of 175 . On Airlinginae there were 18 individuals receiving ap-
proximately 69 r.  On Rongerik there were 28 American servicemen
receiving approximately 78 r. on Utirik there were 157 individuals
receiving approximately 14r,

Senator Axprrsox. Where do you get those figures, Doctor?
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pr. CroxgrTE. I Will come to that in the next section. I will dis-
45 how the doses were arrived at.
“Genator ANDERSON. We heard it suggested this morning that lots of
;yures are not too reliable, I am wondering if you had a way of
asuring this so you could be fairly sure of these figures.
r. CroNgrTE. I will come to this in the next section and discuss
4 reliability of the dose estimates and the various variables that go

ato .
Senator Axperson. Thank you.

WIHOLE BODY GAMDMJA DOSES

Dr. Croxxkrre. The determination of the whole body gamma doses
;e dependent upon the surveys that were made with calibrated in-
suments approximately 3 feet above the ground several days after
se inhabitants were evacuated, In addition certain assumptions had
.» be made about the arrival time of the cloud and the rate of fallout
£ the material. Only on Rongerik where there was a recording dosi-
qeter is arrival time known precisely. The dose rate of the continuing
yllout of material was in part neutralized by the progressive radio-
«tive decay. In addition tge transit dose from the cloud passing over
e atolls could not be estimated. All of these variables were taken
ito account and the doses calculated. These doses were consistent
sith the doses that were actually measured on Rongerik by film that
was stored in refrigerators and gy film exposed outside on this atoll.

In view of this internal consistency it is believed that the dose of
alculated radiation on the atolls is reasonably accurate. Details of
the calculation of the dose are in the official report which discusses in
letail the probable range in values (reference 1,ch. 1).

CHARACTERISTICS OF THE GAMMA RADIATION

The fallout material when deposited on the ground formed a large
planar source of radiation. The energy distribution of the radiation
raching an exposed individual is influenced by its passage through
the intervening air. A knowledge of the inherent gamma spectrum as
it eminates from the material itself is essential in order to determine
the spectrum that impinges upon exposed individuals.

When one takes into account the spectometric data on the mixed
tssion products and the degredation by Compton seattering along the
path in air, a dose energy histogram can be constructed, showing that
there are roughly 3 regions with maxima at 100, 700, and 1500 Kev.
The total exposure is thus the resultant effect of partial doses from
ach energy region, making the exposure energy condit lon significantly
lifferent from those of radiation therapy, experimental biology, or
from the prompt gamma radiation of the bomb.

Details of the characteristics of the exposure are discussed in refer-
ence (reference 1,ch. 1).

Actually the overall effect of the geametry and spectrum 1s to pro-
duce a very uniform deposition of energy throughout the body so that
per roentgen in air fallout radiation is relatively more effective than
the prompt radiation from the bomb or the radiation from an Ny

tube,
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TIHE CHARACTERISTICS OF THE FALLOUT MATERIAL [ 1R

“ LIRS .

The fallout material consisted predominantly of flakes of calejn
oxide resulting from the incineration of the coral. Upon the
of calcium oxide fission products were deposited. At Rongelap
the material was visible and described as snowlike, It stuck to
skin, adhered to the air and clothes, the vegetation, and the habity,
tions.

Senator Axprrsox. That is what they talled about with respec ¢,
the Japanese who were in the fishing boat.

Dr. Croxsire. Yes, sir, .

Senator Anpersox. They had this white fallout that they the ht
was some sort of manifestation from heaven and would not wash off
for o while, and sutfered as a consequence. You are describing the
same sort of thing that happened down there. L

Dr. Croxxrre. They were in approximately the same or a com.
parable position as the Rongelap natives and experienced very closel
the same thing, except in their case working with their fishlines, and
go on, erinding the material into their hands, they got worse skin burng

than the Marshallese. .
Senator Axpensox. Thank you. i
)

GEOMETRY OF TIE EXPOSURE Lok

Dr. Croxxrte. Time does not permit a discussion of the effect Sf
this, but it has been alluded to earlier and details of the influence of
geometry of the exposure to biologic eflcct are in references 1 and 17,

SUPERFICIAL DOSES OF RADTATION FROM DETA AND SOFT GAMMA RADIATION

There is no doubt that the dose of radiation to the first few milli-
meters of the skin is substantially higher than that at the midline of
the body from the more penetrating gamma compouent. Problems
concerned with the estimation of the dose of radiation to the skin are
disrussed in detail in reference 1, chapter 1.

To arrive at some physical estimate of the skin dose, an attempt must
be made to add up the contributions of the penetrating gamma, the
less penetrating gamma, the beta bath to which the individuals were
exposed from the relatively uniform deposition of fission products in
the environment and the point contact source of material deposited on
the skin. Dy all means the largest component of skin irradiation re-
culted from the spotty local deposits of fallout material on exposed
surfaces of the body.

To put it in reverse, the individuals who remained inside had no skin
burn. It was only on thos=e on whom the material was directly de-
posited on the skin that received burns.

It is completely impossible to estimate the dose from material that
was deposited on the skin.  The relative hazard of the beta path is dis-
cussed 1n detail in the previously mentioned reference 1.

CLINICAL OBSERVATIONS AND TREATMENT ! SYMI'IOMS AND BIGNS RELATED
TO RADIATION INJURY

Itching and burning of tha <kin occurred in 98 percent of the peopls
on Longelap, 20 pereent of the group on Ailinginae, and 5 percent O
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1o irradiation since all individuals who experienced the initial symp-
toms Jater developed unquestioned radiation-induced skin lesions that
will be described in detail later. It is is possible however, that the
intensely alkaline nature of the calcium oxide when dissolved in per-
gpiration might have contributed to the initial symptoms.

About two-thirds of the Rongelap group were nauscated during the
first 2 days, and one-tenth vomited and had diarrhea.  One person in
the Ailinginae group was nauseated. No one in the Rongerik or
Ctirik group, or Americans, had gastrointestinal symptoms.

CLINICAL OBSERVATIONS AND LEUKOCYTE COUNTS

Between the 33d and 43d post exposure day, 10 percent of the in-
dividuals from Roneglap had an absolute granulocyte level of 1.000
per cubic millimeter or less. The lowest count during this period was
;00 per cubic millimeter.

Representative HoLirrero. How does that compare with the normal?

Dr. Croxgrre. The normal count would be approximately 5,000 to
£.000 in American population. They were very seriously depressed

at this time.
Representative Hovtrierp, This was with an average of around

what?

Du: Croxxgrre. 175 roentgens. I am sorry I did not mention it
earlier. I am limiting my comments to the highest dose group. The
time sequence of events in the other groups was similar but just to a
Jess extent more or less proportionate to the decrease in dose received.

During this interval the advisability of prophylactic admini-tra-
tion of antibiotics was seriously considered. However, prophylactic
adininistration of antibiotics was not instituted for the following
reasons:

(1) All individuals were under continuous medical observation so
that infection, if it developed, would have been discovered in s
earlier stages,

(2) Premature administration of antibiotics might have obzenred
medical indications for treatment, and might also have led to the
development of drum resistant organisms in individuals with Jowere:l
resistance to bacterial infection.

(3) There was no accurate knowledge of the number of
locytes requires by man to prevent infection with this type of
Joct vopenia as occurred in the Marshallese.

The observed situation was not strictly eomparable to agranulocy-
tosis with an aplastic marrow as seen following known lethal dosos
of radiation. In the latter instant. eranuloeytes fall rapidly with
practically none in the circulation and no evidence of granuloevte
regeneration when infection occurs. In the present group of indi-
viduals exposed to radiation, most counts reached approximately one-
fourth the normal value, but the fall to that level was gradual and
the presence of immature granulocytes in the peripheral blood duor-
ing the period of granulocytopenia was indicative of some new
rranulocyte production. In other words, the bone marrow had not
teen completely eradicated by the dose of radiation received.
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The few individuals that received antibiotics had conditions;t
wauld have been treated with antibioties in the absence of any pi'evi
ous exposure to irradiation. During the fourth and fifth ex -
weeks an epidemic of upper respiratory infection occurred.
respiratory infection consisted of moderate malaise, nharyngitis with
{)ronunont Iymphoid follicles, fever during the first day, and a pPurg.
ent nasal and tracheal discharge for about 10 days. .

It was of interest to determine whether this respiratory infectiéi;
could he correlated with the dose of radiation received or changes ip
the leukocyte count. There was no correlation. The respirato in-
fection in the medieal personuel involved in the care and sty ¥ of
the irradiated mdividuals was similar in incidence and severify,

carlier today Doctor Friedell commented upon platelets, and t
were followed very carefully in the Marshallese. .

CLINICAT, ODRSIIRVATIONS AND TILATELET COUNTS

'

Eleven individuals had platelet counts that fell as low as 35000
to 65,000/mm.3.  All individuals with platelet counts less than 100,000
per mm.? were examined daily for evidence of hemorrhage into the
skin, mucous membranes and retina. Urine was examined daily
for red cells and albumin. Women were questioned concerning ex-
cessive menstruation. The only evidence for any undue bleedin
were two women who menstruated profusely at the time of theip
maximum platelet depression. It was not sufficient to cause them-
undue concern and su{)si(led without any specific treatment. ;?

P

THE EFTECTS ON PREGNANCY Y

Four women in the Rongelap group were pregnant when brought
to Iwajalemn. Two were in the first trimester, one in the second tri-
mester and one in the third trimester. There were no abnormal symp-
toms referable to pregnancy.  As far as could be determined the preg-
nancy continued in the normal fashion. .

In the Ailinginae group of 69 r, one woman was in the second tri-
mester. IFetal movements were unaffected in the individual in the
third trimester. The pregnant women had a marked depression of
Ilatelet counts but at no time was there any vaginal bleeding. At the
12-month reexamination of the above women, all had delivered. One
baby was born dead; the others were normal.

In the case of the one stillborn, irradiation occurred to the mother
either before conception or early in the first trimester. It is possible
that the irradiation may have contributed but there 1s no way to prove
this. '

SPECIAL EXAMINATION OF EYES

At all followup examinations an ophthalomogist has examined the

eves of all individuals. To date no lesions ascribable to ionizing radia-

tion have been found. Similar studies have been made on the eyes of-
ronexposed Marshallese and the incidence of eye lesions is identical
in the two groups.

P

BKIN LESIONS AND LPILATION

As mentioned earlier there was burning of the skin. On first ex-
amination by the medical team on the ninth post exposure day the ex-
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od people appeared to be in good health and the skin was definitely
. Evidence for the development of
gkin lesions commenced ap roximately 2 weeks after exposure.

During the carly stages of development of the lesions, itching, burn-
;e and slight pain were experienced with the more superficial lesions.
with deeper lesions the pain was more severe. The deeper foot lesions
cere the most painful and caused some of the people to walk on their
weels for several days during the acute stages. Some of the more
wvere lesions of the neck anﬁ axillae were painful. There were no
constitutional symptoms associated with the skin lesions.

The characteristic sequence of events in the development of the le-
Zons was the occurrence of symptonis, then of black pigmented areas,
:mall in size, which grew larger in size and coalesced. Later the skin
hegan to shed from the inside of the pigmented plaques to the outside,
and in some cases resulted in the production of large depigmented
qreas. In most of the lesions the shedding was limited to the super-
icial layers of the skin. In some the process continued with the de-
relopment of superficial ulcevs. A few became infected.

The appearance of these skin burns can best be illustrated by re-
tarred to chapter 111 of reference 1 where Kodachrome pictures il-
nstrate the sequence of events.

In addition to the skin burns, loss of hair, spotty in nature, occurred
i1 some of the individuals. The hair grew in again with normal color
nd texture and the regrowth was complete in all except possibly ono
niddle-aged man in whom it came in somewhat sparsely. Small pieces
of <kin were removed surgically from some of the burned areas for
microsgopic study. These pieces of skin demonstrate the typical find-
ings of radiation injury. Some of the skin burns became infected,
particularly those on the feet, and were treated locally by cleansing
end applications of antibiotic ointments. The ckin burns healed in
most cases with return of normal color and texture of the skin, and
in some cases scars were left with depigmented areas.

The worst burn occurred on the back of the ear of a middle aged
man. It produced a permanent scar with absence of pigment and ab-
mormal blood vessels and a slight horny growth of the overlying skin
has developed. The skin has %een carefully observed at 6 months, 12
months, 2 vears, and 3 years after exposure, and there is no evidence
at the present time of any breakdown in the early burns of the <kin.
There s no evidence of the development of cancer at this time. In
some the depigmented scars are still evident. The individuals have
hoon seen on two occasions by a plastic surgeon, Dr. Bradford Cannon,
of the Harvard Medical School, who fecls that no plastic repair is
necessary and that the prognosis in general is good.

03

.ormal in external appearance.

FACTORS INFLUENCING SEVERITY OF THE LESIONS

Certain lessons were Jearned from the Marshallese experience.

Burns were caused by direct contact of the radioactive maferial
with the skin. The perspiration as common in the tropics, the delay
in decontamination and the difficulties in decontamination certainly
favored the development of the skin burns. Those individuals who
remained indoors or under frees during the fallout developed less
severe skin burns. The children who went wading in the occan devel-




848 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN

oped fewer lesions of the feet and most of the Americans who wepg
more aware of the dangers of the fallout, took shelter in alumin
buildings and bathed and changed clothes. Consequently they deve].
oped only very mild beta burns. i

Lastly, a single layer of cotton material offered almost comp]&ai

protection, as was demonstrated by the fact that skin burns developeq’
almost entirely on the exposed parts of the body.

The proguosis of beta skin burns and vadiation burns of the skig
is excellently deseribed in chapter T1L of reference 1.

HEMATOLOGIC OBRSERVATIONS

It is generally considered that changes in the blood are the most sep-
sitive blologic indexes of exposure of living human beings to radiation,
Accordingly extensive simple hemutologic studies were performed on
tho Marshallese. Since there were no previous hematologic studies
on the exposed Marshallese, it was necessary to set up control groups
of nonexposed Marshallese of the samc age and sex distribution for
comparative purposes.

I shall restrict my comments to the findings in the group from
Rongelap since the temporal sequence of events are identical in all of
the exposed groups. Of conrse the depression was less marked in the
less severely exposed groups.

NEUTROPHILE COUNT e

The absolute neutrophile count of both the younger and older age
eroups fell during the second week to a value approximating 70 to 80

percent of that of the controls. Following the depression there was

an oscillation roughly avound the control value until about the 30th
postexposure day at which time there was a progressive decrease in the
blood count with minimum values being attained around the 45th day,
after exposure. It is of interest that the depression in the children
less than 5 vears of age was greater than in the individuals who were
greater than 5 vears of age.

Tollowing this maximal depression there was a slow return of the,

neutrophile counts toward normal.  Tlowever, at 6 months they were
still depressed. At 1 vear and 2 vears the nentrophile counts were

back to the control level. Ilowever, at 3 vears there was a drop in the

absolute mean neutrophile count but this also occurred in the control
population. It is not known whether lower connts represent a popu-

lation trend as has been noted in the Japanese for both irradiated and,
nonirradiated populations, or whether it is mervely a statistical fluctua-

tion that is to be expected in this type of study. More work is neces-
sary on this point.
LYMIHOCYTE COUNT

By 3 days the lymphocytes dropped to 50 percent of the controls.
The percent drop in the children less than 5 years of age was greater,
than that of the people older than 3 years. The lymphocyte count
remained at approximately the same level through the exposure pe-
riod. At 6 months, 12 monils, 2 vears, and 3 years, the level, though
increasing, had not quite reached that of the control population.
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PLATELYTS

The maximum depression in platelets was obtained approximately
< to 30 days after exposure in coutrast to laboratory animals that
qain their minimum values between the 10th and 15th days after
sposure. In this case the children under 10 years of age had a greater
wrcentage drop than those who were older. The platelets began to
eoover after the 30th day, attain a maximum about the 45th day.

There was then a secondary drop with a leveling off for the remain-
or of the postexposure period, and at b months, 12 months, 2 years,
o B vears, slow recovery was still underway. The levels of the pop-
Jation were approaching the controls but have not yet reached it.

Th adl of the liematologic studies mentioned above, it is stated that
1o present levels are not ecual to that of the control population.
fHowever, I wish to emphasize that the current levels of the blood
#lis of all types is more {han adequate to take care of the infections
anl the various troubles of everyday existence. This statistical ex-
apession of an inadequate recovery probably represents the residual
adintion injury that is of considerable interest to study but does not
ippear to be overthy harmful {o the individuals. One can be reason-
Wblv confident in this because they are not farng less well in resistance
-0 disense than ave the Marshallese who were nonexpased and living
Jthie same avea.

INTERNAL ARSORPTION OF RADIONUCLIDES

During the 2 davs before evacuation, the Rongelap people lived
meler conditions of extreme contamination without any concerted
eiovts to protect themselves against the dangers of internal contam-
etion. These individuals drank contaminated water, and ate their
aral foodstuffs which were contaminated extevnally. Their hands
wee contaminated : they inhaled and obviously ingested certain inde-
reminate amounts of material,

The body burdens of iscfopes in these individuals was evaluated by
ratiochemical analvsis of the urine of the exposed people and assisted
iv <tudies on swine. These swine were removed from the island at a
Leer date. The wvinary and fecal exevetion was studied and ulti-
rely the snimals were killed.  Extensive radiochemical analyzes
~ere made of their entive bodies. By eomparison, approximations of
bedv burdens of radionnelides was made. From a combination of
1 ary exeretion and animal studies estimates were made of the prob-
2o body burden.

Tare wnd alkaline earths accounted for about 70 pereent of the urine
aoivity, Strontium 89 was about at the maximum permissible level
S 1 dav. Todine 151 and other wmembers of the jodine family which

1 to be present eavly, resulted in a dose of radiation to the thyrotd
S s, estimated between 100 and 150 vep. To this of course, niist
ooadded the penetrating external gamma component. By 6 months
1 liation was barely detectable in the urine, At 2 years from analysis
¢ pooled urine samples and individual samples, very tiny amounts of
crontium 90, caleium 43, praseodymium and cesium were present.
~ndies were performed hoth at United States Naval Radiological
L' fense Laboratory, and Walter Reed Army Medical Center.

ar

i
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The results of the 3-year radiochemical analysis of the Urineg
were recently collected ave not completed as yet. thay

It was believed that the body burdens of these people was ve
and probably biologically insignificant. ITowever it was deci
bring some of the individuals to the United States for study with tht:
total body gamma counter at the Argonne National Laboratory, - mm:
decision was made not beeause of any fear but becanse the analysig ’
the urine aud the animal analysis were an indirect means to obt.aPI
probable body burdens. o

It was obviously desirable to obtain a firm direct measurement of th
hody burden from the scientific standpoint and to determine the pl‘ecisee
body burdens.  Tour individuals from the Rongelap group, 9 from
tie Utirik group, and 1 control Marshallese—a total of T—were
bhreught to the United States and taken to the Argonne National Lab-
oratory. There, under the direction of Doctors Marinelli, Rose and
Miller, the total body gamma activity was measured. The result,s are
yet incomplete and have to be analyzed further. It was found that
the exposed Marshallese had counts that were higher than nonex
peoples in the United States. Ilowever, the values were far Eé]ow
the current permissible levels,

Since there has been some misunderstanding in the press about chil-
dren beinz brought to the United States for study, I would like to
state that 21l the individuals brought to the United States were adults
with the exception of one 1G-year-old boy. They have subsequentlyz
Ieen returned to the Marshall Islands. «

Tow

TIE CONTINUING STUDY OF THE MARSHHALLESE

My associate in the Medical Department of Brookhaven National
Laboratory, Dr. Robert A. Conard.a niember of the original team that
took care of and studied the Marshallese, and divector of the 2- and 3-
year surveys, has retained an abiding inferest in the Marshallese,
On behalf of the Atomic Energy Commission and Brookhaven Na-
tional Laboratory, he has undertaken the continuing responsibility of
yearly surveys of these people.  These surveys are being made possible
w the conperation of the Medieal Iepartment of the United States
Navy and its activities, the Medieal Research Imstitute at Bethesda,
Md., and the United States Naval Radiological Defense Laboratory in
San Francisco.  The continuing project 1s a joint effort directed by
Dy, Conard and participated in by the Medical Department of Brook-
haven National Laboratory, the two Navy institutions mentioned
earlier, and interested physicians and scientists of varions American
universitics and medical schools.  The probabilities of getting a good
scientific followup are excellent. .

One cannot leave this tremendously important subject of fallout and
the unfortunate accident that occurred in the Marshall Islands in 1954
without the frank recognition that late cffects of jonizing radiation
are possible.  Many late cflects have been observed in man and in

animals. These are condensed in detail in the National Academy of
Sciences report (reference 8).  Accordingly, a search for late effects
s an essential part of the continuing survey.
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A summary of the 3-year status of these people, which will be
reported in detail in reference 22, now being prepared, follows:

FERTILITY

Eilect of radiation exposure on fertility is diflicult to assess in the
Marshallese, If there has been any effect on fertility, it must have
peen very short lived, since pregnancies ave oceurring normally and
ot rates similar to other groups of Marzhallese.

PRIGNANCY

There has been no apparent effect of radiation on the course of
pregnancy in the Marshallese, Since the delivery of the 4 women who
were pregnant at the time of the event, there have been 12 pregnancies

Ten of these terminated normally, one termi-

which have terminated.
pated in a stillbirth, and one baby died several hours after birth, ap-

arently of an infection of the cord. The Jack of vital statistics makes
this data diflicult to interpret.  Iowever, it does not appear that this
incidence of stillbirths is greater than that of other comiparable native
groups in the mid-DPacific area.

EFFLCTS ON THE FETTS
The {hree babies irradiated in utero have not shown any abnormali-
ties such as was observed in some of the Japanese babies irradiated

inutero. Ior example, microcephaly.

N GROWTII AND DEVELOPMENT

On each resurvey the expesed and control children have been
matched for age and sex.  Measurements on growth and development
\nthroponmetric measurenments have been in-
Since the numbers of children ave small,
the data is not easily subjected to statistical analysis. There were 17
children less than 7 years of age and 24 less than 16 years of age at
the time of exposure. However, there does appear to be a statistical
evidence suggestive of a slight impairment of growth and develop-
ment as measured by comparison of height and weight in the control
and exposed children.  You cannot look at these children and piek
out any abnormalities,

I would like to comment on
the headlines that I saw a few minutes ago.
of the growth. Tt can only be detected by a careful stat
of the data, by taking measurements of weieht and height.

have been carried out, .
completely analyzed as yvet.

this rather emphatieally, because of
There is no gro== stunting
istical analysis

SIONTENING OF LITE SIAN

In animals, the evidence for shortening of life span is quite good.
It is evidence that the life shortening is some function of the dose of
radiation. llowever, the extrapolation {from mice to man is extremely
difficult. It is unlikely that any good statistical analysis can be made
on the Marshallese because of the small numbers of individuals and

the uncertainty of the precise birth date in the older groups, prior
to the American occupation in 1944,
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There has been one death in the Rongelap group who, at autorgy -
showed evidence of heart disease. In the larger group from Utipp
there have been five deaths. The number of deaths is comparable in
both groups, one having received 175 r. and the latter only 14 r, To
date, one must conclude that there has been no significant evidence
for premature aging or shortening of the life span of the Marshallegg.

RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN

LEUKEMIA AND CANCER

Leukemia is one of the things that is known to have occurred in the
Japanese and is prevalent in irradiated laboratory animals, To da
no leukemia has occurred and there is no evidence of leukemic tenden.
cies. This is being studied intensively by the usa of alkaline phes.
phatase studies on the granulocytes and basophile counts on the blood,
It has been shown by the studies of Moloney et al. in Japan that s
basophilia and decrease in alkaline phosphatase precedes the developt
ment of leukemia. They picked up a precursor tendency that is detect-
able prior to the frank morphological picture of general leukemia. -

Genetic effects, I think, I will defer comment on, since 1 am not g
geneticist.  The number is small, and I see little chance of detecting
anvthing of note in the Marshallese. -

Representative Hortriern. Is it not true that, if the male and female
are married to a group that have been irradiated, there is a much
greater chance of the genes being effected than if one irradiated person
and a nonirradiated person were married ¢ T

Dr. Croxrare. Yes: I am sure the probability of detecting is greater
+ by consanguineous marriage than by nonconsanguineous. I am sure
this is a subject that Dr. Russell will go into in considerable detail,
and I will have to confess relative ignorance on the subject.

~

LONG-TERM EFFLCTS OF INTERNALLY DEIOSITED RADIONUCLIDES
‘The very small amounts of radicactive materials that are deposited
infernally are, by them=elves, inadequate to produce serious, long-term
eflects. However, the subject is complieated by the fact that the indi-
viduals had a substantial initial insult from whole-body radiation. . In
addition to the whole-body radiation, the thyroid gland received
approximately 100 to 150 r. e. p. Trom the short-lived iodine family. It
has been reported that irradiation of the thyroid area in early life
inereases the incidence of cancer of the thyroid. Accordingly, thyroid
Tunction and the possibility of thyroid cancer is being studied in the
Marshallese children. To date, there is no evidence of abnormality.
Before concluding, T cannot refrain from expressine my personal
opinion and conviction on two aspects of the fallout problem. .
First, the acute and long-term hazards of fallout, such as would
oceur following the use of thermonuclear devices in warfare, are simp-
Iy unthinkable. The widespread contamination over continental areas
from multiple detonations of thermonuclear devices over populated
areas would produce radiation hazards for all living things and for
generations to come,  These hazards are rather well understood. These

warfare in the past. One can only make a plea that an enlighten_e.d
world will demand that their representatives in government also appre«
ciate these hazards and with this recognition bring every conceivable

hazards cannot be considered on the usual calculated risk basis'of

RADIOACTIVE FA°

fort of diplomacy to sols
al and economic ideologi
qunot be considered in ter
“Sacond, the worldwide,
aurees has been analyzed
4llv and in assembly.
watonal Academy of Scic
i the United Nations.
£ radintion in our lives 1
mv. Let us not eonfusge
son hazard., Tet usnotlo
}(-np:ltiun with worldwid
adiation in general that
avironment in general
“La<tv, the incidence o
o the developiment of ator
Lepresentative Hornir
r (hat fine presentation.
" (‘I'he references referre

1. Cronkite, £, I, V. P. T
madintion on Human Beings
aetnent Prinding Ofilee, T1D
ehrens, C. F, Atomie
ewpelman, Lo H., 1L )
rame A study of nine cas
S0 1and). Cibe Los Alan

4. Oushtersen, A W. and
Rran., MceGraw-Iill Book, 1

oo lelloy, GV, Hematol
GO (1950

o Hasterlik, R. 8, Clinic
amma radiation and neat
(Reacior aceident at Argont

7. Dunham, C. L, I P Cr
S, AL ML AL TAT, B0 O

S, Wirren, 8. (chairman)
“on on Man,  Natioual Aca

4. Guskova, A, K. and G,
g man.  PPresented nt Inter
taci gy, Geneva, July 1804,

14, Kikacli, 1., et al,, Ste
Leport to the Special Res
s, Pebrusry 13, 34550,

11. Kikuehi, T, and Go W
tamh suiTerers in Hiroshis
wraity in Kioto 30, 1-33,105
12, Langlhiam, W, I, et a
15 Cronkite, E. D, and ¢
8 (19).

11 Bond, V. I, M. 8. 8
M-100 (1951).

15. Miller, C.
B (1051).

16, Baxier, I, et al, Ann

17. Doud, V. I', L. 1’ Crui

18, Tsuzuki, M., Radioac
ishes,  Miinch, Med. Woch

1% Bond, V. P, . AL
Samination of Rongelap y
Uperation Castle Addendun

93209 —067—pt. 1—

]
o
.

P, C. W




EFFECTS ON MAN

lap group who, at autoP'gy
» larger group from Utirly
- of deaths is comparablg
nd the latter only 14 r, To
een no significant evidep,

life span of the Marshaljeg,

YCER itonel

own to have occurred in thé
horatory animals, To dg
vidence of leukemic tenden.
y the usa of alkaline pheg.
:sophile counts on the blood,
nney et al. in Japan thatg
ratase precedes the developl
wsor tendency that is detects
ure of general leukemia::-
nment on, since I am not §
re little chance of detecting
S

that, if the male and f;amﬁlé
rradiated, thers is a much
1an if one irradiated person

hility of detecting is greate;'
onsanguineous. I am sure
into in considerable detail,
e on the subject.

n
POSITED RADIONUCLIDES

aaterials that arve deposited
» produce serious, long-term
'd by the fact that the indi-
1 whole-body radiation.  In
e thyroid gland received
wrt-lived iodine family., It
thyroid area in earlylife
coul.  Accordingly, thyroid
weer 1 beinga studied in the
evidence of abnormality. .
M expressing my personal
> fallovit problem. ]
of fallout, such as would
evices in warfare, are simp-
ition over continental areas
sar devices over populated
r all living things and for
her well understood. These
al calculated risk basia of
a plea that an enlighteped
31n government also appre«
on bring every conceivable

RADIOACTIVE FALLOUT AND ITS EFFECTS ON DMAN 953

fort of diplomacy to solve the problems posed by diflerences in polit-
.l and economic ideologies and thus prevent a type of warfare that
wiot be considered in terms of caleulated risk.

socond, the worldwide, low-level radiation of today from diverse
aurees has heen analvzed thouzhtfully by competent people, individ-
Jiv and in assembly. Note the sober and realistic reports of the
vrtonal Aeademy of Sciences, the British Medieal Research Council,
ol the United Nations.  These reports point out the multiple sources
spuliation in our lives today and the neeessity for continuous seru-
w. Liet ns not confuse unavoidable radiation exposure with radia-
o lzard,  Tiet us not Jose sight of the multiple sources by undue pre-
scupation with worldwide fallout. ILet us not be so preoceupied with

alintion in general that we forget about industrial pollution of our
qrivoninent in general by nonradioactive but toxic substances.

La-~tlv. the incidence of lenkemia was apparently increasing prior
othe development of atomic energy. Why?

Lopresentative Hortrirro, Thank you very much, Dr. Cronkite,
yp that fine presentation.

(The references referred to in the statement follow :)
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Representative Hortviern. I think the committee is conscious of
your deep feeling on the fact that regardless of how this testimony
comes out in relation to the dangers of bomb testing at the rate the
have been made, that there is a tremendous concern as to war Witﬁ
nuclear weapons. If the consensus of scientific opinion is that there
has been no appreciable damage in testing at the rate we have had
it to date, it is certainly not to be talen that there is any less danger
from a {ull-scale nuclear type of attack in war. ,

Are there any questions of Dr. Cronkite? .t

Representative Corr. Yes, Mr. Chairman, I would like to ask 1 op 9,

Doctor, for my edification; would you indicate the difference, if an
and the biological consequences in the exposure to cosmic radiation s
against fission radiation?

Dr. Croxxite. I do not think there would be any qualitative dif-
ference. I think it is purely a matter of quantity. The cosmic radia-
tion is low, if it were possible to increase the cosmic radiation the
effects to be expected would be the same as with any source of radia-
tion—external penetrating radiation,

Representative Core. Then it is your understanding that the result
and effect on the anatomy would be the same, whether from cosmic
radiation or induced or artificial or fission radiation ?

Dr. Croxxite. I believe so, Mr. Cole.

Representative CoLe. From what you know of the observations that
have been made as a result of the studies of the Japanese population,
who are exposed to radiation from the weapons fission, did those lessons
vary in any degree with the lessons and observations that have resulted
from the Marshallese people who were exposed

Dr. Croxkrre. The only significant difference in the response is the
Japanese were not exposed to fission products deposited 1n their en-
vironment but to the initial radiation from the bomb and accordingly
did not have any skin burns resulting from radiation. Their skin
burns were thermal in origin. :

I would say that there is remarkable correspondence.

Representative CoLe. Tam referring to the Hiroshima and Nagasaki
people; not the fishermen. :

Dr. Croxxrre. I was referring to the Iiroshima. and Nagasaki
group. At Hiroshima and Nagasaki they were exposed to initial
gamma radiation from the bomb. The fission products were not de-
posited on the ground. So that the Japanese there did not receive
any skin burns due to contacting material. In this respect the Mar-
ghallese differ from the Japanese because they had a mixture of the
radiation injury produced by the penetrating component of the gamma
rays from the fission products and by the direct contact of the ma-
terial on the skin with the resulting beta burns. .

Representative Cork. You concluded your very fine statement with
& rather imponderable question, and I am going to ask you to sugg
poszible answers to the question which you have raised.
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